


























（a-d）col2a1 : GFP の生後 2 日目（b），3 日目（a, c），21 日
目（d）における EGFP の発現．頭部の軟骨や胸ヒレの軟
骨において強い EGFP の発現が認められる．（e-h）flk1 :
mCherry の 2 日目（f），3 日目（e, g），21 日目（h）における
mCherry の発現．（i-k）共焦点レーザー顕微鏡により観
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ここで S エントロピー，kB は Boltzmann 定数，W はある 1 つの巨視的状態に対応した微視的状態の
数，lnW はその数の自然対数です．この式の素晴らしさは，等身大の世界の物理量（熱力学）として
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本研究所は，平成 10 年 4 月 9 日に設置された．その前身である胸部疾患研究所は，昭和 16 年 3 月に
「結核の予防及び治療」を主軸とする結核研究所として設置され，昭和 42 年 6 月には結核胸部疾患研
究所に名称変更，さらに昭和 63 年 4 月には「胸部疾患に関する学理及びその応用の研究」を目的とし
た胸部疾患研究所への全面改組が行われた．一方，生体医療工学研究センターは，昭和 55 年 4 月に「医
療に用いる新素材の開発研究」を中心とする医用高分子センターとして設置され，平成 2 年 6 月に「医
療に用いる新素材の開発及び新素材を用いた新しい診断と治療」へと研究範囲を広げた生体医療工学研
究センターに改組された．胸部疾患に関する研究・治療を取り巻く社会的要請の変化から，胸部疾患研






本研究所は，平成 10 年 4 月の発足時は 5 大研究部門と附属再生実験動物施設で組織された．その後，
平成 14 年 4 月に附属幹細胞医学研究センターが設置され，平成 16 年 4 月に研究部門の再編（1 大研究
部門減）の実施によりナノ再生医工学研究センターが設置された．平成 16 年 10 月には，住友電気工業
（株）の寄附による寄附研究部門が 4 年間の時限で設置された．平成 24 年 4 月に幹細胞医学研究センター
を改組し，幹細胞研究部門が設置された．現在 5 大研究部門（生体機能学，生体組織工学，再生統御学，





その成果の医学応用をめざすとともに，ヒト ES 細胞株の樹立機関として，樹立・特性解析を行った ES
細胞を，全国の研究機関へ分配するナショナルバイオリソース事業を実施している．
また平成 20 年 10 月には共同利用・共同研究拠点の認定を文部科学大臣より受け，再生医学・再生医
療に関する共同研究を実施している．
主な建物は，再生医科学研究所西館，再生医科学研究所東館（旧生体医療工学研究センター），幹細胞
医学研究棟（平成 14 年施工，平成 24 年名称変更），南部総合研究実験棟（ウイルス研，医学研究科との
3 部局合同使用）（平成 14 年施工）の 4 棟となっている．
２－２ 教 員 数 等
⑴ 教 員 （平成25年 1 月 1 日現在）
⑵ 大学院生・研修員・研究生等 （平成25年 1 月 1 日現在）
（ ）内は客員で外数
現 員
教 授 准教授 講 師 助 教 小 計 特任講師 特任助教 合 計
10（ 3 ） 10（ 1 ） 2 8 30（ 4 ） 1 1 32（ 4 ）
大 学 院 生 研 修 員 研 究 生 外国人共同研究者等














































２－３ 組 織 図 （平成 25 年 1 月 1 日現在）
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パク質の高次構造形成は小胞体品質管理機構（ERQC : endoplasmic reticulum quality control）によって担われてい
る．小胞体内でミスフォールドしたタンパク質はサイトゾルへ引き出された後，ユビキチン－プロテアソーム系で
分解され，この機構は小胞体関連分解（ERAD : endoplasmic reticulum-associated degradation）と呼ばれている．
私たちは，ERQC および ERAD の作用機序の解明を，細胞，分子ならびに個体レベルで行っている．このメカニ











規小胞体レクチン XTP3-B が，細胞の中でマンノースを 9 つ持った糖鎖（M9 糖鎖）を認識して結合し，糖タンパク
質の分解を抑制することを明らかにした．また，哺乳類細胞には，小胞体関連分解を促進する EDEM タンパク質
（endoplasmic reticulum degradation enhancing α-mannosidase-like protein）が 3 つ存在する．私たちは，その 1 つ
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Figure1 N -glycan processing in the mammalian ER
Glycoproteins synthesized in the mammalian ER co-translationally accept N -linked oligosaccha-
rides consisting of 14 sugars. However, immediately after the addition of N -glycans, glucose and
mannose trimming proceeds within the ER. ER lectins recognize and bind to each N -glycan struc-
ture and regulate the folding and degradation of glycoproteins.
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多く（有名な Z 変異は 4% が heterozygote，0.1% が homozygote で保持），肝臓疾患や肺気腫の発症に関する早急
な疾病メカニズムの解明，治療法の開発が待たれています．アンチトリプシン凝集体形成機構について，X 線結晶
構造解析をベースとし検討を行なったところ，アンチトリプシンは単一のタンパク質でありながら，条件によって
図 2 に示したような 2 種類の凝集メカニズムが可能であることが明らかとなりました（Polymer A：分子中央の構














本研究には，RNA が取り得る立体構造を応用する RNA アプタマーを，解析ツールとして使用している．この分





Figure2 Serpin (Serine Protease Inhibitors) polymerizations and related diseases
Serpin superfamily includes ~3000 proteins from bacteria to human. Their familial mutations result
in intracellular aggregation by the multiple mechanisms. One of the aggregates seems to be incor-
porated into cellular inclusions, leading to cirrhosis, dementia, and etc (Gain of function). While, the
intracellular aggregation results in the lack of secretion of functional serpins, leading to emphysema,








RNA アプタマーの活用方法を模索している． （文責：平芳一法 講師）
4. 低頻度ながら正常マウス胸腺より検出される異常な TCRβ鎖遺伝子V（D）J組換え，ハイブリッド・ジョイン
ト，の研究
V（D）J 組換えは，V，D，J セグメントに付随する組換えシグナル配列にまず RAG タンパクが結合し切断する
ことで開始される．RAG タンパクによる切断で，ヘアピン構造を有するコーディング末端とシグナル末端がそれ
ぞれ 2 つずつ生じる．次に非相同的 DNA 末端結合機構により，通常，2 つのコーディング末端同士がつなげられ
コーディング・ジョイントとなる．同時に，2 つのシグナル末端同士がつなげられシグナル・ジョイントとなる．
まれにコーディング末端とシグナル末端がつながったハイブリッド・ジョイントが形成されることがある（図 3）．
しかしながら，正常マウス胸腺の TCRβ鎖遺伝子 V（D）J 組換えにおけるハイブリッド・ジョイント形成に関して
は，これまで報告されていない．われわれは本研究で，低い頻度ながら PCR で TCRβ鎖遺伝子 D-J 組換えに伴う
ハイブリッド・ジョイントを正常マウス胸腺から検出した．
非相同的 DNA 末端結合機構で重要な役割を果たしている ATM（ataxia-telangiectasia mutated）タンパクを欠く
と，リンパ腫の発生率が上昇することがよく知られている．このとき，ハイブリッド・ジョイントが形成されやす
くなることも報告されている．今後われわれはまず ATM－/－マウス胸腺において，TCRβ鎖遺伝子 D-J 組換えに伴
うハイブリッド・ジョイント形成の頻度を明らかにする予定である． （文責：藤本真慈 助教）
図 3 TCRβ鎖遺伝子D-J 組換えに伴うハイブリッド・ジョイントとハイブリッド・ジョイントを
PCRで検出する方法
例として，D2と J2.4の間で生じたハイブリッド・ジョイントを示す．コーディング・ジョイント
検出用のプライマ （ー5’ D2 primerと 3’ J2.6 primer）では，ハイブリッド・ジョイントを増幅するこ
とができない．
Figure3 Hybrid joint formation during TCRβ gene D to J rearrangement and detecting the hybrid
joint by PCR
A hybrid joint between D2 and J2.4 is shown as an example. The primer set (5’ D2 primer and 3’ J
2.6 primer) for detecting coding joints cannot amplify hybrid joints.
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Department of Molecular and Cellular Biology consists of the following four groups.
1. Regulation and function of molecular chaperones/stress proteins and lectins, and the mechanism of protein quality
control.
Newly synthesized proteins obtain their native conformations by the assistance of molecular chaperones. How-
ever, the process of protein folding is error-prone, and polypeptides that failed to obtain native structures enter the
refolding cycle or are subjected to intracellular protein degradation. Many secretory proteins and membrane pro-
teins are synthesized in the endoplasmic reticulum (ER), and their folding is regulated by the ER quality control
(ERQC) mechanism. Terminally misfolded polypeptides in the ER are degraded by the cytoplasmic proteasomes
after retrotlanslocation through the ER membrane, a mechanism known as ER-associated degradation (ERAD).
Many works have clarified the importance of ERAD of misfolded proteins and the disruption of ERQC in genetic
diseases, neurodegenerative disorders, and diabetes mellitus. Since most of the proteins synthesized in the ER are
N -glycosylated, ERQC of glycoproteins are regulated by the processing of the N -glycans and the recognition of spe-
cific sugar structures by the lectins.
We have recently clarified that an ER lectin named as XTP3-B recognizes M9 glycans in the ER, and protects
glycoproteins bearing M9 glycans from premature degradation. Mammalian EDEMs (ER degradation enhancing α-
mannosidase-like proteins) have three members, and we have reported that EDEM3 has a processing α-
mannosidase activity in the cell. However, enzyme activity of EDEM3 in vitro remained elusive. We are analyzing
the mannose-processing activity of EDEM3 in vitro to clarify the mechanism of ERQC that depends on the mannose
processing of glycoproteins. Also, we are studying the function of genes that are upregulated by ER stress, and
now focusing on proteins that have characteristics of possible new chaperones. (by N. Hosokawa)
2. A challenge for how a protein folds
What is a proper protein folding that can function properly? By just seriously looking for the answer to this
simple question, I believe I will be able to investigate (1) the basis for protein folding (2) the protein quality control
in endoplasmic reticulum (3) the equilibrium of the formation of intracellular protein aggregation, leading to dis-
eases. The present material for my study is called as “Serpin”, which are Serine Protease Inhibitors superfamily
proteins widespread exists in our world from bacteria to human (~3000 species).
The basic function of serpin is to inhibit serine proteases as the name tells. They very well regulate our life ;
for example, α1-antitrypsin protects our lung from neutrophil elastase that is produced on inflammatory response,
antithrombin almost dominates our blood clotting reactions. Moreover, serpin has other physiologically important
functions apart from its potent role that can inhibit serine proteases, although the reason is not known well. Maspin
is a key factor for cancer cell proliferation, HSP47 can model collagens, Angiotensinogen contains angiotensin pep-
tide, and ovalbumin is major protein in egg white. A big interest here is all serpin superfamily proteins have same
structure (See the figure). Why is this structure employed so much extent? What is this advantage? I thought a
clue for this question may be to investigate the serpin polymerizations and their related diseases caused by familial
mutations.
The recent project has been on an underlying molecular mechanism for the α1-antitrypsin deficiency that is
very popular as one of the protein aggregation related diseases especially in North Europe (4% is heterozygote and
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0.1% is homozygote in Caucasian) and would be applicable to prevent or treat this deficiency. α1-antitrypsin defi-
ciency is typically characterized by the intracellular deposition of the α1-antitrypsin aggregates and inclusion bod-
ies in patient hepatocyte. This seems to be a direct cause for the juvenile cirrhosis and alternatively the emphy-
sema due to the lack of the secreted α1-antitrypsin in plasma that inhibits a neutrophil elastase. It was first exam-
ined how α1-antitrypsin can polymerize in vitro on the basis of X-ray crystallographic techniques. It seemed α1-
antitrypsin can polymerize via two distinct mechanisms depends on conditions, but both occur structurally in a
very similar manner ; polymer A uses the motif in the central β-sheet A for molecular linkage and polymer B uses
in the C-terminal part of the molecule. Moreover, the structure of the polymer very resembles to the native mono-
mer conformation of α1-antitrypsin, which was indeed a surprise for us contrary to the general picture we had
about the way of protein aggregation like “abnormal”. Importantly, it was also confirmed that polymer B was accu-
mulated in the liver inclusions from the Z-α1-antitrypsin patient by using a monoclonal antibody that is also sensi-
tive to distinguish the mechanisms. Now, one of the most interesting approaches is to design and screen drugs for
α1-antitrypsin deficiency on the basis of polymer structures. In addition, I feel very curious how cell can watch the
generation of these toxic proteins and its failure leads to actual diseases. This interest will probe the structural ba-
sis of protein-protein recognitions and the importance of serpin structure in our life. (by M. Yamasaki)
3. Study on the basal transcription factors and the application of RNA aptamers
GAGA factor (GAF) binds to GAGA element in the promoter and recruits chromatin remodeling factors in
Drosophila. We showed that GAF was involved in the transcription complex, and bound to basal transcription fac-
tors. This result suggests a new function of chromatin remodeling factor associated protein. We used RNA aptam-
ers as analytical tools. We succeeded to establish the multi-recognition molecule that recognizes the different mole-
cule. RNA aptamer is expected as a substituent of antibody therapy. To expand the application of RNA aptamer as
a cure drug or examination reagent, we tried to establish the construct protocol for more effective aptamers. (by K.
Hirayoshi)
4. Detection of aberrant TCRβ gene V(D)J recombinational products, hybrid joints, from normal murine thymus.
In V(D)J recombination, the RAG proteins bind at a pair of signal sequences adjacent to the V, D or J coding re-
gions and cleave the DNA, resulting in two signal ends and two hairpinned coding ends. The two coding ends are
joined to form a coding joint, and two signal ends are joined to form a signal joint ; this joining is done by the non-
homologous DNA end joining pathway. A recombinational alternative in which a signal end is recombined with a
coding end can also occur in a small percentage of the V(D)J recombination events and these are called hybrid
joints (Figure 3). Hybrid joints involving TCRβ gene segments could not be detected in normal thymus. In this
study, we have detected hybrid joint formation during TCRβ gene D to J rearrangement in thymocytes from nor-
mal mice.
Lack of ATM (ataxia-telangiectasia mutated), which plays an important role in non-homologous DNA end join-
ing pathway, causes lymphomas at the higher rate and generates more hybrid joints. Thus, we are going to figure
out the percentage of hybrid joints during TCRβ gene D to J rearrangement in thymocytes from ATM-/- mice. (by
S. Fujimoto)
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原因となる．制御性 T 細胞は転写因子 Foxp3 を特異的に発現するが，機能，表現型の安定性を保つためには epige-
netic な変化が必要である．昨年度に引き続き，本年度も，制御性 T 細胞の発生・分化における epigenetic 変化を
解析した．その結果，制御性 T 細胞に特徴的に発現し機能に必須の遺伝子（例えば，Foxp3，CTLA-4，GITR，Eos，
Helios，CD25）の CpG 脱メチル化が安定な制御性 T 細胞の発生，機能維持に重要であること，ヒストンの修飾は，
DNA メチル化に比して特異性が低いこと，制御性 T 細胞の細胞系譜の決定には，上述の制御性 T 細胞特異的遺
伝子の脱メチル化が，Foxp3 遺伝子の発現と独立して必要であることを見出した．これらの知見は，機能的に安
定な制御性 T 細胞の作製によるヒト免疫応答の制御に重要であり，現在，ヒト制御性 T 細胞について同様の解析
を始めている．
（2）自己免疫，腫瘍免疫，移植免疫の基礎的研究
ヒト疾患における制御性 T 細胞の役割について研究を継続した．本邦に多い成人 T 細胞白血病/リンパ腫（adult
T cell leukemia/lymphoma）の多くは Foxp3 を発現し，制御性 T 細胞が腫瘍化したものである．昨年度，ATLL
細胞に発現する腫瘍抗原を検索するべく，患者血清を用いて，Seromics による網羅的蛋白アレイを行ったところ，
多くの患者血清中に，がん－精巣抗原（Cancer-testis（CT）antigen）に対する抗体が出現していることを見出した．
NY-ESO-1 などの CT 抗原は，ほかのヒト癌組織にも発現しているが 80% 以上の ATLL 細胞にも発現していた．
CT 抗原は，他の白血病細胞には発現しておらず，極めて ATLL に特徴的である．また，患者リンパ球には，CT





T 細胞抗原レセプタ （ーT cell receptor, TCR）直下に位置するシグナル分子である ZAP-70 であり，その SH2 ドメ
インの一塩基変異によって関節炎が誘導される．本年度，この遺伝子変異の自己免疫病発症における意味を普遍化






This department studies : (i) the cellular and molecular basis of immunologic self-tolerance and the etio-
pathology of autoimmune disease ; (ii) the strategy for eliciting effective immune responses to autologous tumor
cells, or inducing immunologic tolerance to organ transplants, by manipulating the mechanism of immunologic self-
tolerance ; and (iii) the cause and pathogenetic mechanism of rheumatoid arthritis by utilizing an animal model es-
tablished in our laboratory.
One aspect of immunologic self-tolerance (i.e., immunological unresponsiveness of the normal immune system
to normal self-constituents) is actively maintained through a T cell-mediated dominant control of self-reactive T
cells by naturally occurring regulatory CD4+ T cells (Tregs). We previously showed that the transcription factor
Foxp3 is a master regulator of their development and function.
In the previous year, we showed that Treg development was achieved by the combination of two independent
processes, i.e. , the expression of Foxp3 and the establishment of Treg-type CpG hypomethylation, both induced by
TCR stimulation. The demethylation began in the thymus and continued to proceed in the periphery, and could be
fully established without Foxp3 protein. Further study this year has revealed that either Foxp3 expression or Treg
-type hypomethylation alone is insufficient for establishing full Treg phenotype and function. Thus, those T cells in
which the two events have concurrently occurred as a result of TCR stimulation are developmentally set into the
Treg lineage. These findings can be exploited for constructing functionally stable Treg cells for clinical use.
Adult T-cell leukemia/lymphoma (ATLL) is an intractable hematologic malignancy caused by human T-
lymphotropic virus type 1 (HTLV-1), which infects approximately 20 million people worldwide. Last year, we found
that a high percentage (more than 80%) of ATLL cells expressed Cancer/testis (CT) antigens. This contrasts with
other types of lymphoma or leukemia, which scarcely express these CT antigens. Humoral immune responses, par-
ticularly against NY-ESO-1, were detected in 10% of ATLL patients and NY-ESO-1-specific CD8+ T cell responses
were observed in more than half of ATLL patients. NY-ESO-1-specific CD8+ T cells recognized autologous ATLL
cells and produced effector cytokines. These results indicate that vaccination with CT antigens can be an effective
immunotherapy of ATLL. Now we plan to start clinical trials of therapeutic vaccination of ATL patients with CT
antigen vaccine.
SKG mice with a ZAP-70 gene mutation spontaneously develop T cell-mediated autoimmune arthritis immuno-
pathologically similar to rheumatoid arthritis (RA) in humans. This year, we have attempted to construct a new ani-
mal model of autoimmune disease by introducing a variety of mutations in the ZAP-70 gene in mice. One of such
ZAP-70 gene knock-in mice spontaneously developed not only arthritis but also colitis, which are immunopathologi-
cally similar to RA and inflammatory bowel disease in humans. Depletion of Tregs enhanced these diseases and ad-
ditionally produced other autoimmune diseases as well. We are currently conducting further immunological analy-
sis of the model.
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実体は長年不明であった．2003 年，米国の Li らは，骨辺縁の骨芽細胞の一種であり N カドへリンを高発現する SNO
細胞が造血幹細胞ニッチを形成することを報告し注目された（Zhang,J. et al., Nature 425, 836－841（2003））．一方，米
国の Morrison らは，造血幹細胞の多くは骨髄腔内で網の目のように分布する洞様毛細血管の周囲に存在すること
を報告した（Kiel, MJ. et al., Cell 121, 1109－1121（2005））．しかし，Li らの報告の根拠となった造血幹細胞の組織学
的観察法は十分とは言えず（Kiel, MJ. et al., Nature 449 ; 238－242（2007）），いずれの報告においてもそれぞれのニッ
シェ細胞の機能が証明されるには至っていなかった．
私たちは，これまでに，ケモカイン CXCL12 とその生理的受容体 CXCR4 が，胎生期における造血幹細胞の骨
髄へのホーミング（細胞が臓器に移動，定着すること），成体骨髄での造血幹細胞と形質細胞（最終分化し抗体産生
に特化した B 細胞）の維持や B 細胞（抗体を産生する主要な免疫担当細胞）と形質細胞様樹状細胞（pDC）（I 型イン
ターフェロンを多量に産生する抗ウイルス免疫に重要な免疫担当細胞）の産生に必須であることを明らかにした
（Nagasawa, T. et al. Nature 382, 635－638（1996）; Tachibana, K. et al. Nature 393, 591－594（1998）; Egawa, T. et al.
Immunity 15, 323－334（2001）; Ara, T. et al. Immunity 19, 257－267（2003）; Sugiyama, T. et al. Immunity 25, 977－988
（2006）; Kohara, H. et al. Blood 110, 4153－4160（2007））．さらに，CXCL12 の生理的な発現細胞を可視化することが
できる CXCL12 遺伝子座に GFP 遺伝子を挿入したマウス（CXCL12－GFP ノックインマウス）を用いて，成体骨髄
において骨髄腔内にびまん性に分布し CXCL12 を高発現する細網細胞（以下 CXCL12－abundant reticular（CAR）細
胞）が存在することを見出した．また，洞様毛細血管の大部分は CAR 細胞に取り囲まれており，造血幹細胞を濃
縮する分画内の細胞，早期の B 細胞の前駆細胞や形質細胞，pDC の大部分が CAR 細胞の長い細胞突起に接着し
ており CAR 細胞が造血幹細胞・前駆細胞のニッシェである可能性を示唆した（Tokoyoda, K. et al. Immunity 20, 707
－718（2004）; Sugiyama, T. et al. Immunity 25, 977－988（2006）; Kohara, H. et al. Blood 110, 4153－4160（2007））．
＊
最近，私たちは，CAR 細胞の実体を明らかにし，CAR 細胞の生体でのニッシェとしての機能を証明するため，
ヒト特異的なジフテリア毒素（DT）受容体遺伝子を用いて DT により CAR 細胞の特異的細胞死を誘導することが








共通前駆細胞であることが示された（Omatsu, Y. et al. Immunity 33, 387－399（2010））．
＊
私たちの CAR 細胞に関する研究によって，造血を支持する骨髄のニッシェ細胞についての理解が大きく進んだ
（Nagasawa, T. et al. Trends Immunol . 32 ; 315－320（2011））．昨年，米国の Morrison らによる SCF を発現する細胞
を蛍光蛋白質 GFP で可視化できる SCF-GFP ノックインマウス（SCF 遺伝子座に GFP 遺伝子を挿入）の解析で，骨
髄には SCF を高発現する細胞が存在して CD150＋CD41-CD48-造血幹細胞分画の約 67% と接着すること，SCF 高
発現細胞はレプチン受容体（leptin receptor ; lepr）を特異的に高発現することが報告された．更に，レプチン受容
体 Cre トランスジェニックマウスと Cre によって SCF 遺伝子が欠損する SCFflox/flox マウスの解析より SCF 高発現
細胞で SCF を欠損させると造血幹細胞数が約 5 分の 1 に減少したことから SCF 高発現細胞が造血幹細胞ニッシェ
であることが報告された（Ding,L. et al. Nature 481 ; 457－462（2012））．先に述べたように CAR 細胞は，SCF の主た
る産生細胞であることから SCF 高発現細胞は CAR 細胞とほぼ同一であると考えられる．実際，私たちは，lepr




調節における CAR 細胞の機能とこれを制御する分子機構，CAR 細胞の白血病幹細胞ニッシェとしての機能を解
明するための研究に取り組んでいる．
Chemokines are a large family of small structurally related chemoattractive cytokines that utilize seven-
transmembrane spanning G-protein-coupled receptors (GPCR). We identified CXC chemokine ligand 12 (CXCL12),
also known as stromal cell-derived factor (SDF)-1 as pre-B-cell growth stimulating factor and found that CXCL12
and its primary receptor CXCR4 were essential for hematopoiesis, including colonization of bone marrow by hema-
topoietic stem cells (HSCs) during ontogeny, maintaining a pool of HSCs in adult bone marrow and development of
all immune cells produced in bone marrow, including B cells, plasmacytoid dendritic cells (pDCs) and NK cells as
well as cardiogenesis and organ vasculalization during ontogeny (Nagasawa, T. et al. Nature 382, 635-638 (1996) ;
Tachibana, K. et al. Nature 393, 591-594 (1998) ; Egawa, T. et al. Immunity 15, 323-334 (2001) ; Ara, T. et al. Immunity 19,
257-267 (2003) ; Sugiyama, T. et al. Immunity 25, 977-988(2006) ; Kohara, H. et al. Blood 110, 4153-4160 (2007) ; Noda,
M. et al. Blood 117,451-458 (2011)).
On the other hand, we have identified a small population of non-hematopoietic cells expressing high amounts of
CXCL12, termed CXCL12-abundant reticular (CAR) cells with long processes. We have revealed that CAR cells
were scattered throughout bone marrow and that most HSCs, early B cell precursors, the end-stage B lymphocytes,
plasma cells, pDCs and NK cells were attached to the processes of CAR cells, suggesting that CAR cells function as
the special microenvironments, termed ‘niches’ for HSCs and immune cells (Tokoyoda, K. et al. Immunity 20, 707-718
(2004), Sugiyama, T. et al. Immunity 25, 977-988(2006)). In 2010, we generated mice that allow selective ablation of
CAR cells within bone marrow and determined the nature and in vivo function of CAR cells as a niche for HSCs
and lympho-hematopoietic progenitors (Omatsu, Y. et al. Immunity 33, 387-399 (2010)). Short-term ablation of CAR
cells in vivo did not affect candidate niches, bone-lining osteoblasts or endothelial cells but severely impaired the
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adipogenic and osteogenic differentiation potential of marrow cells and production of SCF and CXCL12, and led to a
marked reduction in cycling lymphoid and erythroid progenitors. HSCs from CAR cell-depleted mice were reduced
in number and cell size, were more quiescent and had increased expression of early myeloid selector genes, similar
to the phenotype of wild-type HSCs cultured without a niche. Thus, the niche composed of adipo-osteogenic pro-
genitors is required for production of CXCL12 and SCF, proliferation of HSCs and lymphoid and erythroid progeni-
tors as well as maintenance of HSCs in an undifferentiated state (Omatsu, Y. et al. Immunity 33, 387-399 (2010) ; Na-
gasawa, T. et al. Trends Immunol . 32 ; 315-320 (2011)). Recently, Ding et al., reported that cells which expressed high
levels of SCF preferentially expressed the receptor for leptin (lepr) and that the numbers of HSCs were reduced by
about 5-fold when SCF was conditionally deleted from leptin-expressing cells (Ding,L., et al. Nature 481 ; 457-462
(2012)). We have confirmed that lepr is preferentially expressed in CAR cells. Thus, the results shown by Ding et al.,
support the idea that CAR cells function as a niche for HSCs.
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は Vascular Endothelial Growth Factor-A（VEGF-A）のみならず，Fibroblast Growth Factor-2 や Insulin-like
Growth Factor-I など種々の遊走刺激へのヒト臍帯静脈血管内皮細胞（Human Umbilical Vein Endothelial Cells :
HUVECs）のケモタキシスを阻害した．rhChM-I 存在下では VEGF-A 刺激に伴う HUVECs のアクチン細胞骨格お
よび接着斑の再構成は著明に阻害され，Rac1 およびアクチン脱重合因子 cofilin の活性制御に異常が認められた．







ChM-I は 120 アミノ酸から成る糖タンパク質で，N 型糖鎖結合部位を含む N 末端側の親水性ドメイン（ドメイン
1）と，C 末端側にある疎水性のシステインリッチドメイン（ドメイン 2）から構成されている．我々はこれまでに
CHO 細胞や 293-F 細胞などの哺乳細胞発現系を用いて糖鎖修飾されているヒト組換え ChM-I タンパク質（G-
hChM-I）を発現し，軟骨細胞および血管内皮細胞に対する生物活性を明らかにしてきた．一方，大腸菌 E. coli を
用いてヒト組換え ChM-I タンパク質を発現させると，糖鎖修飾を欠いた ChM-I（NG-hChM-I）を得ることができる．
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G-hChM-I と同様に，NG-hChM-I は弱いながら軟骨細胞のコロニー形成促進作用および血管内皮細胞の管腔形成阻
害作用を示した．この活性は V8 プロテアーゼによる限定分解によって糖鎖修飾部位を含むドメイン 1 の一部を欠
失させた ΔN-hChM-I においてもほとんど変わらないことから，ドメイン 2 が ChM-I の活性ドメインであることが
示唆された．これらのタンパク質の CD スペクトルを測定し，二次構造を解析した結果，ドメイン 1 内の糖鎖修飾
はタンパク質の溶解性だけでなく，ChM-I が活性なドメイン構造を獲得するのに必要な機能ドメインであること
が明らかとなった．現在，変異体タンパク質および合成ペプチドを用いて活性ドメイン構造の解析を進めている．
ChM-I は，関連遺伝子である Tenomodulin を除くと，これまでに知られている血管新生抑制因子とホモロジーを
示さないことから，その活性ドメインは血管新生抑制活性を有する新たなペプチド薬として応用が期待される．
2．Sox9 による腱細胞から軟骨細胞への分化転換






-HLH）型転写因子である Scx，Paraxis，Twist1，及び Twist2 の強制発現により in vitro で Tnmd の発現が顕著に上
昇した．しかし，Sox9 を強制発現すると，腱細胞での Tnmd 及び Scx の発現が低下し，Type II collagen 及び
Chondromodulin-I などの成熟軟骨細胞マーカー分子の発現が誘導された．また，Sox9 を強制発現した腱細胞では，
細胞形態が線維芽細胞様の紡錘型から軟骨細胞様の多角型へと変化し，さらに軟骨性の細胞外基質の蓄積も検出さ





に発現している VEGF-A isoform をマウス及びニワトリ胚前肢に過剰発現させることによって血管新生を亢進させ，
内軟骨性骨形成の進展に伴う軟骨の血管侵入抵抗性の変化を解析した．その結果，いずれの VEGF-A isoform を過
剰発現させても，軟骨と軟骨膜を含む軟骨周囲組織は無血管に保たれていた．すなわち，内軟骨性骨形成の初期に
は，軟骨と軟骨周囲組織という 2 種類の異なった血管侵入障壁が存在することが明らかになった．しかしながら，
骨鞘の形成に続いて，heparin や neuropilin と相互作用する VEGF-A146，VEGF-A166，VEGF-A190 を過剰発現して
いる前肢では，早期に軟骨膜が血管化された．一旦，軟骨膜が血管化されると，骨鞘では MMP9 陽性の破骨細胞
が出現し，血管侵入部位では骨格系細胞で MMP9 や MMP13 の遺伝子発現を誘導する TGF-βのシグナリングが活
性化され，軟骨への血管侵入が誘導された．一方，heparin に結合しない VEGF-A122 や neuropilin と相互作用する
領域を欠失した VEGF-A166ΔE162-R166 を過剰発現させても，早期の軟骨膜血管化や軟骨への血管侵入は観察されな







骨組織特異的な発現は，SRY-box 9（Sox9）が結合する第 1 イントロン内の 48bp からなるエンハンサーによって制
御されている．このエンハンサーの 4 回繰り返し配列を Zebrafish enhancer detection（ZED）vector に組み込み，Tol2
トランスポゾンを用いて，軟骨で Enhanced green fluorescent protein（EGFP）を発現するトランスジェニック
フィッシュの系統（col2a1 : GFP）を確立した（図 1a-d）．col2a1 : GFP では，生後 2 日目から頭部や胸ヒレに出現す
る軟骨細胞で EGFP の発現が認められ（図 1b），生後 21 日目幼魚の軟骨組織においても EGFP の発現が検出され
た（図 1d）．また，flk1（vegfr2）遺伝子の血管内皮細胞特異的発現制御領域を用いて，血管を赤色蛍光蛋白質である
mCherry によって可視化したトランスジェニックフィッシュの系統（flk1 : mCherry）を確立した（図 1e-h）．この flk
1 : mCherry と col2a1 : GFP を交配することで，軟骨組織と血管を同時に蛍光観察可能なダブルトランスジェニッ
クフィッシュ（col2a1 : GFP ; flk1 : mCherry）を作成することが可能となった．現在，共焦点レーザー顕微鏡を用い
て，col2a1 : GFP ; flk1 : mCherry の胸ヒレの軟骨形成領域と血管網の相互作用について解析を進めている．（図 1i-
k）．
The proper growth and differentiation signaling from the surrounding extracellular environment regulates tis-
sue formation and its functions. We are aiming at the elucidation of molecular interactions and signaling networks
underlying vascularization of mesenchymal tissues and formation of skeletal tissues such as cartilage, bone and
図 1 蛍光イメージングにより軟骨および血管を可視化したトランスジェニックゼブラフィッシュ
（a-d）col2a1 : GFP の生後 2日目（b），3日目（a, c），21日目（d）における EGFPの発現．頭部の軟骨や胸ヒレの軟骨において強
い EGFPの発現が認められる．（e-h）flk1 : mCherry の 2日目（f），3日目（e, g），21日目（h）におけるmCherryの発現．（i-k）共
焦点レーザー顕微鏡により観察した col2a1 : GFP ; flk1 : mCherry（10 dpf）の胸ヒレにおける EGFP（i）およびmCherry（j）の発現
（Z-projection）．EGFPは軟骨の，mCherryは血管の場所をそれぞれ示している．各々の画像を重ね合わせることで，軟骨と血
管網の関係が可視化される（k）．
Fig. 1 Live fluorescence imaging of cartilage and the vascular network in transgenic zebrafish
(a-d) GFP expression in col2a1 : GFP at 2 dpf (b), 3 dpf (a, c), and 21 dpf (d). GFP is detected in cartilage of the head and the pec-
toral fin. (e-h) mCherry expression in flk1 : mCherry at 2 dpf (f), 3 dpf (e, g), and 21 dpf (h). (i-k) Z-projection of GFP (i) and
mCherry (j) of the pectoral fin at 10 dpf. Cartilage and blood vessels are visualized by GFP and mCherry expression, respectively.
A merged image (k) shows avascular cartilage formation in zebrafish.
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tendon/ligaments. Our current research efforts are focused on the following studies.
1. Functional analysis of Chondromodulin-I (ChM-I)
(1) The inhibitory actions of ChM-I on the motility of vascular endothelial cells
We have previously purified and cloned ChM-I as an angiogenesis inhibitor from fetal bovine cartilage based
on the growth inhibitory activity of vascular endothelial cells (ECs). ChM-I is expressed in the avascular zones of
cartilaginous molds and cardiac valves, and has been shown to inhibit the migration, proliferation, and tube mor-
phogenesis of cultured ECs. The aged mice lacking ChM-I exhibit abnormal angiogenesis in cardiac valves, sug-
gesting the essential role of ChM-I in maintaining the tissue avascularity. Despite these evidences showing the ac-
tivity of ChM-I in vivo and in vitro , the molecular mechanism of the ChM-I actions remains to be elucidated. To ad-
dress this issue, we have prepared recombinant human ChM-I (rhChM-I) and examined its effects on migration of
ECs, an early regulatory step in angiogenesis. In a modified Boyden chamber assay, ChM-I inhibited the chemotac-
tic migration of human umbilical vein endothelial cells (HUVECs) induced by Vascular Endothelial Growth Factor-
A (VEGF-A)as well as by Fibroblast Growth Factor-2 and Insulin-like Growth Factor-I. The inhibitory action in-
volved the disturbed reorganization of actin cytoskeleton and focal adhesions in VEGF-A-stimulated ECs. We
found that rhChM-I suppressed the VEGF-A-induced activation of Rac1 and the phosphorylation of cofilin, which
leads to the dysregulation of actin polymerization. Consistent with these observations, time-lapse microscopic
analysis revealed that ChM-I inhibited the persistent extensions of lamellipodia and evoked frequent alterations of
moving front, coincident with the reduced motility and directionality of ECs upon VEGF-A stimulation. These data
showed that ChM-I impaired the VEGF-A-stimulated motility of ECs through the destabilization of lamellipodial ex-
tensions. The inhibitory action was selective to the endothelial cell type, but not to the other cell types such as fi-
broblastic cells, suggesting that ChM-I acts through a endothelial cell-specific signal pathway that regulates the
motility of ECs.
(2) The analysis of domain structure of ChM-I
ChM-I (120 amino acids in human and mouse)is a glycoprotein consisting of the N-terminal hydrophilic domain
with an N-glycosylation site (domain 1), and a hydrophobic cysteine-rich domain located at the C-terminus (domain
2).Domain 2 is well conserved across species and is highly similar to the C-terminal cysteine-rich domain of Teno-
modulin (Tnmd),a ChM-I related angiogenesis inhibitor. Using a glycosylated form of recombinant human ChM-I (G
-hChM-I)expressed in CHO cells or 293-F cells, we have demonstrated the various bioactivities of ChM-I on chon-
drocytes and vascular endothelial cells. On the other hand, the non-glycosylated form of human ChM-I expressed in
E. coli (NG-hChM-I)exhibited the similar bioactivity, but the activity was distinctly lower than that of G-hChM-I.
Truncation of the domain 1 containing the N-glycosylation site by limited digestion with V8 protease had no appar-
ent effect on the bioactivity of NG-hChM-I, indicating that domain 2 is an active domain of this protein. Circular di-
chroism (CD)measurements revealed that N-glycosylation in domain 1 is critical for the structural integrity for bio-
logical function as well as the protein solubility. Current works focus on the analysis of active domain of ChM-I us-
ing its mutant proteins and synthetic peptides. So far, no sequence and structural similarity of ChM-I and Tnmd to
any known angiogenesis inhibitor has been reported. Thus, the active domain of ChM-I is expected to be a novel




2. Conversion of tenocytes into chondrocytes by Sox9 overexpression.
Progenitors for the tendons, ligaments, cartilage, and bone are all derived from the same origins including the
sclerotome, lateral plate mesoderm, and neural crest. These progenitor populations migrate and populate their pro-
spective regions to give rise ultimately to each primordium. During limb formation, lateral mesoderm-derived ten-
don and ligament progenitors, as well as chondroprogenitors, express a key transcription factor for chondrogenesis,
Sox9. Upon cell-fate determination, Sox9 expression is markedly upregulated in chondroprogenitors and promotes
the progression of chondrogenic differentiation, whereas in tendon and ligament progenitors this expression dimin-
ishes upon cell differentiation. We demonstrate that Sox9 mediates the direct conversion of tenocytes to chondro-
cytes through an intermediate state in which both differentiation programs are active. Sox9 is abundantly ex-
pressed in cartilage but is undetectable in limb tendons that express Scleraxis (Scx) and Tenomodulin (Tnmd ), tendon-
specific early and late molecular markers, respectively. Upon forced expression of Sox9 in the chick forelimb, ec-
topic cartilage formation is preferentially observed in fibrous tissues including the tendons, ligaments, perichon-
drium/periosteum, dermis, and connective tissues in muscle. Tnmd expression in tenocytes isolated from the limb
tendons was found to be markedly upregulated by forced expression of basic helix-loop-helix activators including
Scx, Paraxis, Twist1 and Twist2. In contrast, the overexpression of Sox9 in monolayer tenocytes resulted in the down-
regulation of Tnmd and Scx expression during passaging in culture, and the induction of cartilage molecular mark-
ers such as type II collagen (Col2a1 ) and Chondromodulin-I (ChM-I ). This Sox9 -driven switching from a tenocytic to a
chondrocytic gene expression profile was found to be associated with a dramatic change from a spindle to a polygo-
nal cellular morphology. The extracellular accumulation of cartilage-characteristic proteoglycans was also ob-
served. These data suggest that tenocytes have a strong potential for conversion into chondrocytes through the ac-
tivities of Sox9 both in vitro and in vivo .
3. Analysis of the anti-angiogenic property of the cartilaginous bone primordia during endochondral bone formation
During endochondral bone formation, vascular invasion initiates the replacement of avascular cartilage by well
-vascularized bone and bone marrow. Vascular invasion into the cartilaginous bone primordium occurs in a strictly
spatio-temporally defined manner, but the molecular mechanism for this process is still poorly understood. By util-
izing a VEGF-A mediated gain-of-function approach in mouse and chick models, we investigated the cellular and
molecular events associated with angiogenic switching during endochondral bone formation. Cartilage-specific
overexpression of VEGF-A164 in transgenic mice results in the hypervascularization of soft connective tissues away
from cartilage. Unexpectedly, perichondrial tissue remained avascular in addition to cartilage. Hypervasculariza-
tion of soft tissues similarly occurred when various VEGF-A splicing variants (VEGF-A122, VEGF-A146, VEGF-A166,
VEGF-A190) were overexpressed in the chick forelimb, but perichondrial tissue and cartilage were completely de-
void of blood vessels. However, following formation of the bony collar in the middle of cartilaginous bone primordia,
anti-angiogenic properties in perichondrial tissue were lost and perichondrial angiogenesis was accelerated by
VEGF-A146, VEGF-A166, or VEGF-A190. Once the perichondrium was vascularized, osteoclast precursors were re-
cruited from the circulation to the bony collar to differentiate into MMP9 positive osteoclasts and then the induc-
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tion of MMP9 and MMP13 was observed in association with the activation of TGF-β signaling. Neither perichon-
drial angiogenesis nor the subsequent cartilage vascularization was accelerated by the non-heparin-binding VEGF-
A122 or by the VEGF-A166ΔE162-R166 lacking a neuropilin-binding motif. Thus, perichondrial angiogenesis is a pre-
requisite event for the subsequent vascular invasion into cartilage and is differentially regulated by VEGF-A iso-
forms.
4. Live imaging of avascular cartilage formation in zebrafish
Zebrafish (Danio rerio ) is a powerful tool to analyze vertebrate embryogenesis due to the optical transparency
of the living embryos. We analyze tissue-tissue interactions between cartilage and blood vessels during zebrafish
embryonic development by live imaging of fluorescent transgenic zebrafish lines. Cartilage-specific expression of
mouse col2a1 gene is regulated by the SRY box-9 (Sox9 )-binding 48 bp enhancer element in the first intron of the
gene. Taking advantage of Tol2 transposon and Zebrafish enhancer detection (ZED ) vector containing four tandem re-
peats of 48 bp col2a1 enhancer element, we have established a transgenic zebrafish line, col2a1 : GFP (Fig. 1a-d). In
col2a1 : GFP at 2 days post fertilization (dpf), GFP expression was detected in cartilaginous elements such as pha-
ryngeal arch and pectoral fin (Fig. 1b). Even at 21 dpf, EGFP was still detected in cartilaginous elements of col2a1 :
GFP larvae (Fig. 1d). For visualization of the vascular network, we have also established a transgenic fish line, flk1 :
mCherry (Fig. 1e-h) that express red fluorescent protein, mCherry, under the control of promoter/enhancer ele-
ments of zebrafish flk1/vegfr2 gene. We then obtained double transgenic col2a1 : GFP ; flk1 : mCherry by crossing
col2a1 : GFP with flk1 : mCherry. These double transgenic col2a1 : GFP ; flk1 : mCherry enabled us to monitor both
cartilage and blood vessel formation simultaneously. With confocal leaser microscopy, we are currently investigat-
ing avascular cartilage formation focusing on pectoral fin formation (Fig. 1i-k).
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細胞への遺伝子導入発現効率を高める（SubFection : substrate-mediated transfection）技術も開発した．非ウイル







































The main objective of our department is to investigate and develop methods, procedures, and technologies
which are applicable to basic and clinical medicines as well as basic researches of biology and medicine from the
viewpoint of material sciences. The materials to use in the body and to contact biological substances, like proteins
and cells, are defined as biomedical materials and biomaterials. In our department, various types of biodegradable
and non-biodegradable biomaterials of polymers, metals, ceramics, and their composites, are being designed and
created aiming at their clinical applications as well as the development of experimental tools necessary for basic re-
searches of medicine and biology which scientifically support clinical medicine. We are actively proceeding re-
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search and development (R & D) of biomaterials to assist reconstructive surgery and apply to drug delivery sys-
tems (DDS) for improved therapeutic efficacy. However, it is often difficult for patients to improve their Quality of
Life (QOL) only by the therapeutic procedure of reconstructive surgery because the biomaterials applied are of
poor biocompatibility and functional substitutability. For organ transplantation, there are several problems to be
resolved, such as the lack of donor tissue and organ or the adverse effects of immunosuppressive agents. The two
advanced medical therapies currently available are clinically limited in terms of the therapeutic procedure and po-
tential. In these circumstances, a new therapeutic trial, in which disease healing can be achieved based on the natu-
ral healing potential of patients themselves, has been increasingly expected. This is termed the therapy of regen-
erative medicine where the regeneration of tissues and organs is naturally induced to therapeutically treat dis-
eases by artificially manipulating the cell potentials of proliferation and differentiation. The objective of regenera-
tive therapy is to regenerate injured or lost tissues and substitute organ functions by making use of the natural self
-healing potential of patients themselves. The therapy of regeneration medicine is quite different from the recon-
structive surgery and organ transplantation from the viewpoint that neither biomaterials and medical devices nor
immunosuppressive agents are needed. The basic idea of regeneration therapy is to give cells a local environment
which is suitable to promote their proliferation and differentiation, resulting in the cell-based induction of tissue and
organ regeneration. It is tissue engineering that is a biomedical technology or methodology to create this environ-
ment for the natural induction of tissue regeneration. Generally, there are three factors necessary to induce tissue
regeneration, such as cells, the scaffold for cell proliferation and differentiation, and biosignaling molecules of
growth factors and the related gene, which are fundamentally 3 components constituting the body tissue. For suc-
cessful regenerative therapy of tissue and organ, it is indispensable to efficiently combine various biomaterials with
the body components. Among biomaterials, biodegradable biomaterials play an important role in this medical appli-
cations. Since there are few metals and ceramics with biodegradable nature, polymer materials of biodegradability
are generally preferable for this purpose. The combination of polymers with metals or ceramics is effective in pre-
paring material composites of suitable biodegradability. If a biomaterial is degraded to disappear in the body, it is
not always necessary to retrieve the material from the body after the function expected is accomplished. In addi-
tion, the material should be degraded at the right time profile not to physically impair the natural process of tissue
regeneration by the material remaining. Biodegradable biomaterials well-designed are indispensable for the re-
search and development (R&D) of regeneration therapy, DDS or the basic research of cell biology and medicine (re-
generation research).
Our research goal is to design and create biomaterials from polymers and the composites with metals or ce-
ramics which are practically applicable for regeneration therapy, stem cell technology, DDS, and medical therapy
of reconstructive surgery and internal medicine. More detailed explanation about every project is described.
1) Biomaterials for Regeneration Therapy
It is well recognized that cells are present in the living tissue interacting with the extracellular matrix (ECM)
of natural scaffold for their proliferation, differentiation, and morphogenesis. When the body tissue is largely lost,
the ECM itself also disappears. In such a case, only by supplying cells to the defect, we cannot always expect the
tissue regeneration at the large defect. One of the possible ways to achieve successful tissue regeneration is to pro-
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vide a temporary scaffold for the proliferation and differentiation of cells to the defect. We are designing and creat-
ing 3-dimensional and porous constructs of biodegradability as this temporary cell scaffold which is an artificial
ECM. However, if the number of cells and the amount of biosignaling molecules are not large enough to promote
the cell activities, only the supply of a scaffold to the tissue defect will not induce the tissue regeneration. As one
trials to break through the situation, it practically possible to make use of growth factors for promoted proliferation
and differentiation of cells. It is, however, necessary for in vivo use of growth factors to contrive their administra-
tion form because of the in vivo short half-life and instability. One possible answer for that is to use the controlled
release of growth factor or the related gene at the tissue site to be regenerated over an extended time period by in-
corporating the factor or gene into an appropriate carrier. This release technology enables the growth factor to ef-
ficiently enhance the biological activity, resulting in promoted cell-induced tissue regeneration. We are designing
and preparing the biodegradable carrier of growth factors and genes from gelatin and its derivatives. A new ther-
apy to naturally induce tissue and organ regeneration by the controlled release of various biologically active
growth factors has been achieved and the therapeutic potentials have been scientifically demonstrated through
animal experiments. Among the tissue regeneration trials, clinical experiments of angiogenic and bone regenera-
tion therapies have been started by the controlled release technology of basic fibroblast growth factor (bFGF),
insulin-like growth factor (IGF)-1, and platelet-rich plasma (PRP) to demonstrate the good therapeutic efficacy.
Generally, in the chronic fibrotic disease, such as diluted cardiomyopathy, liver cirrhsis, lung fibrosis, and
chronic nephritis, the damaged portion of organ is often occupied with the fibrous tissue, which often causes organ
dysfunction. It is highly possible that if the fibrosis is enzymatically digested by a proper way, the fibrotic site is
naturally regenerated and repaired on the basis of the inherent regenerative potential of the surrounding normal
tissue and consequently the organ function is regenerated and recovered. The systems of drug targeting and the
local release with polymers of an organ affinity are being designed and prepared to achieve the regeneration ther-
apy for chronic disease based on the natural healing potential of patients. Based on the drug administration therapy
which has been clinically used in internal medicine, this is called as physical regenerative therapy of internal medi-
cine. This is a therapeutic approach which is different from the conventional regenerative therapy of surgery
where cells, the scaffold, and signal molecules or the combinations are surgically applied to a tissue defect for re-
generation induction thereat. The two surgical and physical regeneration therapies are conceptually identical from
the viewpoint of the positive use of natural healing potential. In addition, the basic idea of regenerative therapy will
be combined with interal medical therapy to open a new therapeutic field in the future. For example, the combina-
tion with aneurysm catheter therapy has been tried, and consequently the aneurysm occlusion by the regenerated
tissue-based organization has been succeeded by the bFGF release system. On the other hand, a new cell culture
technology is being developed to enhance the cellular expression level of nucleic acid compounds, such as decoy
DNA and small interfering RNA (siRNA), with non-viral gene carriers.
2) Biomaterials for Stem Cells Technology and Basic Researches of Cell Medicine and Biology (Regeneration research)
There are two approaches to realize regeneration medical therapy. One is the tissue engineering-based thera-
peutic approach described above. The other is the transplantation therapy of cells which have a potential to induce
tissue regeneration. For the latter approach, it is of prime importance to efficiently obtain and prepare cells with a
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high potential of proliferation and differentiation, such as stem cells, precursors, and blastic cells. In this depart-
ment, the technology and methodology of cell culture with various biomaterials and bioreactors have been ex-
plored to efficiently isolate, proliferate, and differentiate stem cells, precursors, and blastic cells. A series of this
study not only aims at the preparation of cells suitable for the therapy of regenerative medicine, but also research
and development (R&D) of materials, technologies, and methodologies for basic medicine and biology. They are also
applicable for the research of drugs discovery to evaluate their metabolism and toxicity. In addition, non-viral vec-
tors for plasmid DNA and siRNA have been investigated to design the DDS system for gene transfection which
can biologically analyze the functions of stem cells and genetically engineer cells to activate the biological functions
for cell therapy. For example, a new system for the controlled release of plasmid DNA inside cells has been devel-
oped to succeed in enhancing the level of gene transfection and the consequent gene expression as high as or
higher than that of viral vector system. In addition, a new technology of cell culturing on plasmid DNA-coated sub-
strates has been designed and enhanced the level of gene expression as well as prolonged the expressed period.
This reverse transfection system (SubFection : substrate-mediated transfection) was effective in the gene transfec-
tion for stem and matured cells which have not been readily transfected by the conventional method. This can be
applied for the cell internalization of low-molecular weight compounds, peptides, proteins, and nucleic acids (siRNA
and decoy DNA). We cannot only enhance the biological activities of plasmid DNA and siRNA with the non-viral
vectors for stem cells, but also modify their biological functions and differentiation fate.
The minimum unit of body is cell, but that of biological function is the cell aggregate. The cell culture with cell
aggregates has been noted for the basic research of cells and drug discovery (the drug development and the toxic-
ity evaluation). However when the size of cell aggregates becomes larger, the cells in the aggregates tend to die be-
cause of the lack of nutrients and oxygen. This cell death often courses the discontinuation of cell researches. To
break through the problem, biodegradable hydrogel microspheres were tried to incorporate into the cell aggregate.
The microspheres incorporation enabled cells to improve their function even in the cell aggregate. This technology
is one of the key methods to generate the cell-based tissue-like structure in vitro.
3) Biomaterials for DDS
Generally there are few drugs which have a specific selectivity for the site of action. Therefore, the high-dose
administration of drugs is necessary to achieve their in vivo therapeutic efficacy, while this often causes the ad-
verse effects of drugs. DDS is a biomaterial-technology which allows a drug to act at the right time the right site of
action at the necessary concentration. The objective of DDS includes the controlled release of drug, the prolonga-
tion of drug life-time, the acceleration of drug permeation and absorption, and the drug targeting. Various biomate-
rials are inevitably required to achieve every DDS objective. In this department, various research projects of DDS
for drug and gene therapies have been being carried out from the viewpoint of polymer material sciences. Our defi-
nition of “drug” is not limited only to therapeutic substances, but the drug includes every substance which has a
certain biological activity and function, such as diagnostic and preventive drugs, cosmetics, and health care sub-
stances etc. The DDS technology and methodology can be also applied for preventive and diagnostic substances to
enhance the in vivo efficacy of vaccination and diagnosis, such as magnetic resonance imaging (MRI), ultrasound di-
agnosis or molecular imaging. We are developing DDS technology and methodology which are applicable to the re-
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search and development of cosmetics and health care sciences. The basic idea of DDS is to efficiently enhance the
biological functions of a certain substance by the combination with biomaterials. DDS is defined as an universal
technology or methodology which can apply to every research field of natural sciences.
4) Biomaterials for Surgical and Physical Therapies
This department is partly originated from the division of Molecular Design and Biomaterials of the former Re-
search Center for Biomedical Engineering where the medical applications of polymer materials have been investi-
gated extensively. Among the research activities, we continue to molecularly design and create biomaterials
mainly from biodegradable polymers aiming at the development of assistant materials in surgical and physical
therapies.
From the viewpoint of biomaterial sciences, we are actively proceeding comprehensive biological and medical
researches on the scaffold for the cell proliferation and differentiation, the DDS of growth factors and the related
genes, and the material-based technology or methodology to use stem, precursor, and blast cells or in addition, their
medical applications. Through several R&D collaborations with medical, dental, and veterinary schools as well as
private companies, we are planning to apply our basic research results to realize the regeneration induction ther-
apy of various tissues and organs, such as the skin, fat, bone, cartilage, nerve, hair, blood vessels, periodontium,
myocardium, and kidney. DDS technologies are also being investigated for their applications of therapeutic, pro-
phylactic, and diagnostic medicines. Some biomaterials are necessary and applicable to further develop the basic
researches of cell medicine and biology.
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Our research group intends to develop engineered materials that contribute practically and efficiently to the
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pected to exhibit diverse functions in vitro or in vivo. Fundamental and applied studies are undertaken to realize
such biomaterials, taking advantage of organic materials, namely polymeric materials and state-of-the-art tech-
niques for analyzing and handling biomolecules and cells.
Research subjects currently undertaken in our department are listed below.
Surface chemistry of biomedical materials
Protein adsorption, complement activation, cell adhesion are involved in the initial reactions against man-made
materials with living bodies. It is necessary to elucidate these mechanisms in relation to the surface properties so
as to rationally design biocompatible surfaces of synthetic implants. Most of information on the biological reactions
against artificial polymeric materials has been accumulated from studies with polymeric materials. However, poly-
mer surfaces could not be assumed rigid and immobile at equilibrium. The polymer molecules in the vicinity of the
surface or interface would exhibit motion and relaxation in response to the different interfacial environments. Thus,
it is difficult to prepare model surfaces using polymeric materials for studies of protein adsorption and cell adhesion.
Self-assembled monolayers of alkanethiols formed on a gold thin film provide well-defined model surfaces suitable
for studies on interfacial phenomena and intermolecular interactions. The surface plasmon resonance technique
can be applied to analyze the interfacial phenomena under water. We have been studying protein adsorption, com-
plement activation, and cell adhesion on well-defined surfaces made of self-assembled monolayers using the surface
plasmon resonance technique as well other analysis techniques highly sensitive for interfacial molecular events.
Polymeric materials for cell transplantation therapy
Islets of Langerhans have been transplanted to treat insulin-dependent diabetes patients. Adult pancreatic β
cells are known to have a poor growth capacity. Islets containing β cells from cadaver donors or animals should be
employed. In bioartificial pancreas, islets are encapsulated into a semi-permeable membrane and then implanted
into the diabetic patients to protect them from immune rejection. The semi-permeable membrane permits permea-
tion of oxygen and nutrient which are necessary for islet survival, but prohibits contact of islet cells with compo-
nents of the host immune system. We encapsulated islets into agarose-based microbeads and induced normaliza-
tion of blood glucose levels of diabetic recipient mice by implanting 1000 microencapsulated hamster islets into the
peritoneal cavity.
Several research groups showed that transplantation of neural stem cells (NSCs) or NSC-derived progenitors
to the site of lesions was effective for structural and functional restoration of the central nervous system. However,
clinical applications of NSC further require methodological advances especially for controlling the engraftment,
proliferation, migration, and differentiation of NSCs. Our approach is to construct composite biomaterials that con-
sist of extracellular matrix (ECM) components and signaling molecules such as growth factors and cell adhesion
molecules. We are employing genetic engineering to design rationally such composite biomaterials.
Cell processing technology for regenerative medicine
Cells and ECMs are important components for regenerative medicine. In recent years, many research groups
have devoted enormous efforts to establish in vitro culture conditions in which stem cells, such as ES cells and
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tissue-derived stem cells, differentiate into various functional cells. Those cells are expected to be very useful for
treatment of various diseases. Many kinds of stromal cells have been used to differentiate stem cells to functional
cells. However, most of stromal cells preferentially used are derived from mice. Some authorities who are in charge
of regulatory issue have pointed out the difficulty to rule out the possibility that retrovirus incorporated in mouse
gene will be activated and transferred to stem cells and functional cells derived from stem cells. One of our re-
search activities is focused on the development of stromal cell free culture systems used for the induction of ES
cells to various functional cells. ES cells cultured on the substrate, onto which bioactive molecules isolated from
stromal cells, are immobilized effectively differentiated to dopaminergic neurons.
Conventional cell culture substrates are not always suitable for cells used for regenerative medicine. Neurons
differentiated from ES cells in vitro are very difficult to be collected from a cell culture flask without deterioration
of cell functions, because long axons from neurons are easily damaged during detachment of neural cells from the
cell culture substrate. Cell sheets but not single cells are needed in some instance, such as regeneration of a skin
and a mucous membrane. We have been examining a film of cellulose derivatives for a cell culture substrate. Cells
cultured on it are removed by cellulose-degrading enzyme, cellulase, without damaging cells on the substrate.
Cell chips for high-throughput functional screening
Transfectional array : Functional characterization of human genes may be one of the most challengeable tasks
in the post-genome era. Due to a huge number of novel genes discovered in genomics, high-throughput methods
are required to express or silence in parallel thousands of genes in living cells. The objective of our study is to fabri-
cate transfectional arrays through patterning of self-assembled monolayers on a gold substrate and the subsequent
site-specific spotting of different expression vectors or short interfering RNAs.
Antibody array : Recent progress in stem cell research provides us with promising options of cell sources for
use in tissue engineering. However, insufficient knowledge about specific surface antigens expressed on most of
stem cells limits their application in regenerative medicine. To solve this problem, we developed a high-throughput
analytical method for typing multiple membrane proteins. Our method is based on solid-phase cytometry using an
antibody array prepared on a patterned alkanethiol monolayer.
ECM array : Arrays that display a panel of biologically-active substances on a flat plate are promising due to
their potential use in functional screening over multiple samples in a parallel fashion. We developed cell-based ar-
rays that displayed combinatorially various ECM-growth factor composites and used them for parallel and rapid
screening biomaterials that serve to maintain NSCs and direct the differentiation of NSCs.
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CCD デジタルカメラを装備した光学顕微鏡を用いて撮影した．実験結果を図 2 に示す．0.2Pa のせん断応力下で
培養した hMSCs は静的培養状態（コントロール）の場合に比べ遊走速度が優位に速かった．これに対し，0.5 およ
び 1Pa のせん断応力の下ではコントロールに比べて有意な変化はみられなかった．また，2Pa 以上のせん断応力
では，hMSCs の遊走は著しく抑制された．0.2Pa のせん断応力を受けた hSMCs では，細胞内シグナル伝達物質で
ある ERK1/2，JNK，p38MAPK の活性上昇が約 60 分の間観察された．しかしながら，2Pa のせん断応力を負荷
した細胞では，これらの活性は生じなかった．JNK と p38MAPK の阻害剤で細胞を処理したところ，hMSCs の遊
走現象に対するせん断応力の影響は完全に抑制された．一方，ERK1/2 阻害剤で処理したコントロール状態の細胞
とせん断応力負荷細胞では有意な差がみられた．以上の点から，低いせん断応力による力学刺激は hMSCs の遊走





Fig. 1 Simultaneous contraction and buckling of SFs. Extracted SFs were pre-illuminated by a mercury lamp and then stimulated
with Mg-ATP. Some SFs responded to Mg-ATP to contract, while other fibers (indicated by arrowheads in the higher-
magnification images of the boxed areas) exhibited buckling as the whole cell shortened.





Studies in our laboratory have been carried out to elucidate the mechanosensing mechanisms of morphological
and functional changes of cells exposed to mechanical forces. Vascular endothelial cells located at the innermost
layer of vessel wall are always exposed to shear stress by blood flow, to tensile/compressive stress by vessel defor-
mation and to hydrostatic pressure by blood pressure. Although endothelial cells have been well investigated from
the point of view of mechanobiology by many researchers, the details of the mechanisms are not clear yet. In order
to understand the role of paxillin in the orientation of endothelial cells exposed to cyclic stretching, we examined
the time course of changes in the shape and distribution of focal adhesion proteins of paxillin knockdown endothe-
lial cells. We also investigated nuclear deformation behavior in nesprin-1 knocked-down endothelial cells subjected





Fig. 2 Effects of shear stress on hMSC migration.（A）Fluorescence image of hMSC migration in the scratch wound assay under
different shear stress conditions. Bars = 50 µm.（B）Percentages of wound closure under 0.2, 0.5, 1, and 2 Pa shear stress
conditions. Wound closure was promoted under a shear stress of 0.2 Pa, whereas shear stress > 2 Pa inhibited cell migra-
tion. Data are expressed as mean±SD, *P< 0.05, **P< 0.01.
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lular nuclear importance on mechanical response to external forces. In this report, I mainly introduce our recent re-
sults on contraction and buckling properties of stress fibers, one of the mechanosensing components, and migration
of human mesenchymal stem cells under shear stress.
In addition, we have developed the design theory for intravascular stent, and analyzed the rupture mechanism
of aortic aneurysm and the development of dental-use biomaterials from the point of view of biomechanics.
(1) Contraction and Buckling Properties of Stress Fibers
It has been proposed that buckling of actin stress fibers (SFs) may be associated with their disassembly. How-
ever, much of the detail remains unknown partly because the use of an elastic membrane sheet, conventionally nec-
essary for inducing SF buckling with a mechanical compression to adherent cells, may limit high quality and quick
imaging of the dynamic cellular events. Here, we present an alternate approach to induce buckling behavior of SFs
on a readily observable glass plate. Actin SFs were extracted from cells, and constituent myosin II (MII) molecules
were partially photo-inactivated in contractility. An addition of Mg-ATP allowed actin-myosin cross-bridge cycling
and resultant contraction of only thick SFs that still contained active MII in the large volume (Fig. 1). Meanwhile,
thin SFs with virtually no active motor protein in the small volume had no choice but to buckle with the shortening
movement of nearby thick SFs functioning as a compression inducing element (Fig. 1). This novel technique, thus
allowing for selective inductions of contraction and buckling of SFs and measurements of the cellular prestress,
may be applicable to not only investigations on their disassembly mechanisms but also to measurements of the
relative thickness of individual SFs in each cell.
(2) Migration of Human Mesenchymal Stem Cells under Shear Stress
Human mesenchymal stem cells (hMSCs) are attractive candidates for cell-based tissue repair approaches and
have been used as vectors for delivering therapeutic genes to sites of injury. It is believed that hMSCs are able to
detect and respond to shear stress due to blood and interstitial fluid flow through mechanotransduction pathways
after transplantation. However, information regarding hMSC migration under shear stress and its mechanism is
still limited. We examined the effect of shear stress on hMSC migration and the role of mitogen-activated protein
kinases (MAPKs) in their migration. Shear stress between 0.2 and 10 Pa, which was produced by the flow medium,
was exerted on fluorescently labeled hMSCs. Cell migration was evaluated using the scratch wound assay, and im-
ages were captured using a microscope equipped with a digital 3CCD camera. The results showed that hMSCs
subjected to a shear stress of 0.2 Pa caused notably faster wound closure than statically cultured hMSCs, while mi-
gration in the 0.5- and 1-Pa shear stress group did not differ significantly from that in the control group (Fig. 2).
Shear stress > 2 Pa markedly inhibited hMSC migration. hMSCs subjected to a shear stress of 0.2 Pa displayed an
increase in extracellular signal-regulated kinases 1/2 (ERK1/2), c-Jun Nterminal kinases (JNK), and p38 MAPK acti-
vation for up to 60 min, while a shear stress of 2 Pa abrogated the activation. JNK and p38 MAPK inhibitors com-
pletely abolished the effect of shear stress on hMSC migration, while significant differences were observed be-
tween the ERK1/2 inhibitor-treated static control and shear stress groups. Taken together, these results demon-
strate that low shear stress effectively induces hMSC migration and that JNK and p38 MAPK play more promi-
nent roles in shear stress-induced migration than ERK1/2.
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てくる過程を，Pax3 と骨格筋へと運命決定されると発現する転写因子 MyoD の発現に注目し，それらの蛍光
発現マウスにおける骨格筋幹細胞を単離する事で調査した．成長段階におけるマウス骨格筋幹細胞を回収し，
































一方，近年山中らによって開発された iPS 細胞は，ES 細胞とほぼ同等の多能性幹細胞としての増殖能と多分化
能をもつ．iPS 細胞から筋前駆細胞を誘導できれば，筋移植のソースとしてきわめて有用と考えられる．ただ現段








教授から分与），Rosa26CAG-LSL-tdTomato/+（ジャクソンラボラトリーから購入，R26R RPF），Tg : MyoD-Cre の 3 系統を使用
した．細胞移植を受けるマウスとして，DMD-null（北里大学・花岡和則教授から分与）マウスを使用した．（2）細胞
単離 胎仔性骨格筋前駆細胞（Fetal skeletal muscle progenitors, FMPs）を単離するため，この細胞で発現する Pax
3 遺伝子制御下で GFP を発現する Pax3GFP/+マウス，ならびに骨格筋への運命決定に必要な転写因子をコードする
MyoD 遺伝子の制御下で Cre を発現し，筋前駆細胞から筋系列に入った細胞で RFP が活性化される Pax3GFP/+ ;
MyoD-Cre ; R26R RFP マウスの 16.5 日齢胚から，腕および横隔膜を採取した．一方，比較する骨格筋衛星細胞（Satellite
cells, SCs）を単離するために，8－12 週齢の Pax3GFP/+マウスの横隔膜ならびに腹筋を採取した．FACSAria II Cell
sorter を用いて，（Pax3）GFP 陽性細胞ならびに（Pax3）GFP 陽性；（MyoD）RFP 陽性あるいは（Pax3）GFP 陽性；
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（MyoD）RFP 陰性細胞を単離した．（3）単離した細胞の培養 単離した FMPs と SCs を 4 日間骨格筋増殖培地で培
養後，3 日間骨格筋分化培地で培養した．培養後 1－6 日目に，MyoD と Myogenin の免疫染色を行った．（4）単離
した細胞の移植 移植を行う前日に，移植を受けるマウス（DMD-null, DMD-null ; nude）の前脛骨筋（tibialis anterior,
TA）に 10μm のカルジオトキシンを投与し，筋再生を誘導し，そこへ単離した FMPs と SCs（2×104 個）を筋肉内注
射した．移植 2 週間後に，移植された TA を回収し，ジストロフィンの発現を調べた．（5）単離した細胞の表面抗
原ならびに遺伝子発現解析 上述のように単離した細胞の表面抗原である CD34 の発現を FACSAria II で解析し
た．また，Pax3，Pax7，Myf5，MyoD，Myogenin の発現を qPCR により比較解析した．
結 果
骨格筋分化能を in vitro で比較するために，FMPs と SCs を骨格筋増殖培地，骨格筋分化培地で培養すると，そ
れぞれの細胞培養 2 日目には FMPs と SCs はいずれも 90％ 以上の細胞が MyoD を発現し，両者の筋分化能に大
きな差はみられなかった（図 1）．ところが，ジストロフィン欠損マウスである DMD-null マウスの TA に，FMPs
と SCs を移植して FMPs と SCs の，骨格筋への移植効率を比較したところ，移植後 2 週目において，FMPs，SCs





SCs の移植において，MyoD の発現上昇が，SCs の移植効
率を下げるという報告がある．そこで次に FMPs において
も，MyoD の発現が移植効率に影響を与えているかどうか
を検討するため，Pax3GFP/+ ; MyoD-Cre ; R26R RFP マウスを用
いて，MyoD を発現した（MyoD）RFP 陽性 FMPs と，MyoD
を発現したことがない（MyoD）RFP 陰性 FMPs を単離し，
これらの移植能を比較した．（MyoD）RFP 陽性 FMPs，
図 1 培養下における FMPsは SCsと同様の筋分化能を
有する




（MyoD）RFP 陰性 FMPs のどちらを移植しても，RFP の蛍光発現と，ジストロフィンの発現回復がみられたが，
（MyoD）RFP 陽性 FMPs の方が，移植効率が高いことがわかった（図 3）．
では，このような移植効率の差が生ずる原因は何か．それぞれの細胞集団の移植効率の差の原因を探索するため，
表面抗原，ならびに遺伝子発現の差を検討した．ほとんどすべての SCs は CD34 を発現しているのに対し，（MyoD）
RFP 陰性 FMPs，（MyoD）RFP 陽性 FMPs の CD34 発現細胞はいずれも約 60％ で，SCs よりやや低かった． SCs
で発現が知られている筋転写因子である Pax3，Pax7，Myf5，MyoD，Myogenin の発現を qPCR で比較したとこ
ろ，いずれの転写因子の発現も，SCs で最も高かった．（MyoD）RFP 陰性 FMPs，（MyoD）RFP 陽性 FMPs 比較
すると，ほぼ同等，あるいは（MyoD）RFP 陽性 FMPs で高かった（図 4）．
考 察
今回の実験で，FMPs と SCs の in vitro での分化効率はほぼ同等であったが，in vivo での移植効率は，SCs の
ほうが高いことが判明した．これは，培養における分化効率からは移植効率を予測できないことを示している．
（MyoD）RFP 陰性 FMPs，（MyoD）RFP 陽性 FMPs，SCs を比較すると，一度 MyoD を発現した（MyoD）RFP
陽性 FMPs あるいは SCs の移植効率が高かった．また，骨格筋分化に重要な転写因子の発現も，（MyoD）RFP 陽




We are interested in molecular and cellular mechanisms of organ development and regeneration, especially
from an aspect of cell-cell interactions required for morphogenesis and their spatial and temporal regulation. Our
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research is now focusing on following topics : (1) molecular mechanisms of skeletal myogenesis and muscle regen-
eration, and (2) regulatory roles of ADAM (A Disintegrin And Metalloprotease) family proteins in cell-cell interac-
tions and the ectodomain shedding during development.
Here we introduce one of our research topics on a regenerative capacity of fetal skeletal muscle progenitors af-
ter intramuscular engraftment in dystrophin deficient mice. Muscle satellite cells (SCs) are stem cells that reside in
skeletal muscles and contribute to regeneration upon muscle injury. SCs arise from skeletal muscle progenitors ex-
pressing transcription factors Pax3 and/or Pax7 during embryogenesis in mice. However, it is unclear whether
these fetal progenitors possess regenerative ability when transplanted in adult muscle. Here we address this ques-
tion by investigating whether fetal skeletal muscle progenitors (FMPs) isolated from Pax3 GFP/+ embryos have the
capacity to regenerate muscle after engraftment into Dystrophin-deficient mice, a model of Duchenne muscular
dystrophy. The capacity of FMPs to engraft and enter the myogenic program in regenerating muscle was com-
pared with that of SCs derived from adult Pax3 GFP/+ mice. Transplanted FMPs contributed to the reconstitution of
damaged myofibers in Dystrophin-deficient mice. However, despite FMPs and SCs having similar myogenic ability
in culture, the regenerative ability of FMPs was less than that of SCs in vivo. FMPs that had activated MyoD en-
grafted more efficiently to regenerate myofibers than MyoD-negative FMPs. Transcriptome and surface marker
analyses of these cells suggest the importance of myogenic priming for the efficient myogenic engraftment. These
results are discussed in the context of cell therapy with the pluripotent stem cells derived myogenic progenitors.
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今回の研究では，がん抗原に反応する T 細胞を，iPS 細胞技術を用いて再生することを目的とした（図 1）．
がん患者の体内には，がんを殺す能力を持つキラー T 細胞が存在する．しかし，T 細胞の多くはがん細胞によっ
て無力化されていて，働ける状態の T 細胞はごく少数である．現行のがん免疫療法では，その少数の T 細胞を刺
図 1 iPS 細胞技術を用いたキラー T細胞の再生
がん抗原 MART-1特異的キラー T細胞から iPS細胞を作製した．その iPS細胞から T細胞を分化誘導すると，再生した T細胞
のほぼすべてが MART-1抗原への反応性を示した．
Fig. 1 Regeneration of cytotokic T cells using the iPS technology
iPS cells were produced from human CD8+ T cells specific for the tumor antigen MART-1, and CD8+ T cells with the same antigen
specificity were regenerated in vitro from these iPS cells. The present study thus illustrates an approach for expanding antigen-
specific T cells applicable in cell-based therapy of cancer.
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激して働かせるという戦略を取っている．しかし，働ける T 細胞の数が少ないうえに，刺激を受けた後の T 細胞
の寿命が短く効果が長続きしないという問題があり，これががんの免疫療法の効果を薄めている．本研究では，iPS
細胞作製技術と T 細胞の分化誘導技術を組み合わせることにより，そうした状況を打破しようと試みた．
我々は，ヒト悪性黒色腫細胞に特有のがん抗原である MART-1 抗原と反応できる T 細胞に山中因子などを作用
させて iPS 細胞を作製した．これを MART-1-TiPS 細胞と名付ける．
T 細胞は，さまざまな抗原に対して特異的に反応できるが，どの抗原に反応するかは T 細胞レセプターによっ
て決まる．T 細胞レセプターの遺伝子は，ゲノム中のレセプター遺伝子の断片を再構成することによってつくられ
たものである．T 細胞から iPS 細胞を作製すると，遺伝子再構成でつくられた遺伝子の情報も引き継がれるので，
そのような iPS 細胞から T 細胞を分化誘導すると，元の T 細胞と同じ反応性の T 細胞レセプターを発現するよう
になると考えた．
iPS 細胞から T 細胞を分化誘導したところ，生成した T 細胞のほぼ全てが，元のがん抗原と反応できる T 細胞
レセプターを発現した．また，これらの T 細胞は元のがん抗原に反応することが確認できた．この成果は，がん
免疫療法が直面する T 細胞の数の少なさ，T 細胞の寿命の短さという問題点を，一挙に解決できる可能性を示し
ている．
The major aim of our laboratory is to elucidate the molecular mechanisms that regulate cell fate decisions in
the process of lineage restriction from multipotent hematopoietic stem cells to unipotent progenitors. A series of
studies from our laboratory on early hematopoiesis have led to a fundamental redefinition of lymphoid progenitors
as well as the ontogeny and phylogeny of T- and B-cell development. We thus have proposed our original model of
hematopoiesis, namely “myeloid-based model”, in which myeloid potential is retained along with specification path-
way towards erythroid, T, and B cell lineages. Among various events occurring during hematopoiesis, we are
mainly focusing on the process towards the production of T cells. On the other hand, we are also studying on the
regeneration of immune cells that are potentially useful in immune cell therapy. The following is one of such ap-
proaches.
Regeneration of human tumor antigen-specific T cells from iPS cells derived from mature CD8+ T cells
Antigen-specific T cells represent a potential therapeutic avenue for a variety of conditions, but current ap-
proaches for generating such cells for therapeutic purposes are limited. In this study, we established iPS cells from
mature cytotoxic T cells specific for the melanoma epitope MART-1 (Fig 1). When co-cultured with OP9/DLL1
cells, these iPS cells efficiently generated TCRβ+CD4+CD8+ double positive (DP) cells expressing a T cell receptor
(TCR) specific for the MART-1 epitope. Stimulation of these DP cells with anti-CD3 antibody generated a large
number of CD8+ T cells, and more than 90% of the resulting cells were specific for the original MART-1 epitope.
Stimulation of the CD8+ T cells with MART1 antigen-presenting cells led to the secretion of IFNγ, demonstrating
their specific reactivity. The present study therefore illustrates an approach for cloning and expanding functional
antigen-specific CD8+ T cells that might be applicable in cell-based therapy of cancer.
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2012 年は，ヒト ES 細胞から誘導した神経前駆細胞の霊長類パーキンソン病モデルへの移植結果を報告した（図
1, 2）．まず未分化な ES 細胞が残る細胞（神経分化誘導 14 日）では移植後 9 か月経ってもヒト ES 細胞が脳内で増殖
を続けており，境界鮮明で悪性所見はないが腫瘍形成がみられた．一方，42 日間神経分化誘導した細胞は未分化
ES 細胞を含まず霊長類パーキンソン病モデル脳内では腫瘍形成をきたさなかった．移植後 3 か月目から症状の改
善がみられ，12 か月後に脳切片を調べたところ多くのドパミン神経細胞が生着していた．これらの結果から ES, iPS
細胞を用いた細胞移植はパーキンソン病治療に有効であるということが考えられる．
図 1 カニクイザル脳内に生着したヒトES細胞由来ドパミン神経細胞
（A, B, C）42日間分化誘導した細胞をカニクイザル脳（線条体）に移植し，12か月後に行ったドパミン神経細胞マーカ （ーチロシ




Fig. 1 The DA differentiation of the human ESC-derived NPCs in the monkey brain
(A) The gross appearance of the d42-graft with DAB staining for TH. Bar = 1mm. (B) The image of the boxed area in A. Bar = 100
μm. (C) A magnified image of the boxed area in B. Bar = 50μm. (D, E) T2-weighted MR images(upper),DOPA-PET images(middle),
and combined MR and DOPA-PET images(bottom)of the monkeys injected with culture medium only(D, control),or with d42-
spheres (E) at 12 months.
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また，我々は移植細胞の増殖を抑制するために γ セクレターゼ阻害剤の利用を試みた（図 3, 4）．この薬物は Notch
シグナルを阻害することで神経前駆細胞の増殖を抑え神経細胞への分化を促進する．γ セクレターゼ阻害効果のあ




We are developing a cell replacement therapy for the neurological disorders by using stem cells, especially
embryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs). The main target is Parkinson’s disease, and
our research focuses on induction of dopaminergic (DA) neurons from these cells and transplantation of the cells
into the brain to improve neurological symptoms. So far, we have demonstrated that transplantation of monkey
ESC-derived neurons improved the Parkinsonian symptoms of the monkey models. In addition, we have revealed a
method to prevent tumor formation. Now, we are inducing DA neurons from human ESCs and iPSCs, and
developing a safe and efficient method for clinical application of these cells.
In 2012, we have reported the results of transplantation of human ESC-derived neural progenitor cells (NPCs)
into primate models Parkinson’s disease. We have herein, for the first time, compared the growth and function of
human ESC-derived cells with different stages of neural differentiation implanted in the brains of primate models
of Parkinson’s disease. We herein show that residual undifferentiated cells expressing ESC markers present in the
cell preparation can induce tumor formation in the monkey brain. In contrast, a cell preparation matured by 42-
day-culture with BDNF/GDNF treatment did not form tumors, and survived as primarily dopaminergic neurons.
In addition, the monkeys with such grafts showed behavioral improvement for at least 12 months. These results
support the idea that human ESCs, if appropriately matured, can serve as a source for dopaminergic neurons
without forming any tumors in a primate brain.
We have also attempted to reduce the tumor formation. Immature NPCs in the grafts can proliferate
unpredictably, resulting in neural overgrowth and long-term risks of compressing the surrounding host tissue.






Fig. 2 The behavioral changes of the monkeys after transplantation of d35-
or d42-spheres
(A) The time course of changes in the neurological scores of the monkeys injected
with culture medium only (control, blue, n=4), or implanted with d35- (red, n=2) or
d42-spheres (green, n=4). The data are presented as the means ± s.d. A repeated
ANOVA including group and repeated rating of scores as factors disclosed that
there was a significant interaction between the group and repeated rating of
scores (F (24,84) =4.17, p<0.001), indicating that the time course changes of the
scores were different among the three groups. Furthermore, a repeated ANOVA
for the rated scores in each group revealed that a significant effect of time was
found in the rated scores only in the group implanted with d42-grafts (F (12,36) =
25.8, p<0.001). A post-hoc analysis in this group, by a pair-wise comparison of the
scores between pre- and each time point post-graft, revealed a significant de-
crease in the scores at 3-9, 11 and 12 months post-transplantation (Bonferroni
corrected ＊p<0.05).
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Because Notch signaling plays a role in maintaining the multipotency and proliferative capacity of NPCs, we used γ-
secretase inhibitors (GSIs) to dampen Notch signaling in human iPSC-derived NPCs prior to transplantation and
examined the effects on the growth of proliferative grafts. Histological analyses performed 8 weeks post-
transplantation showed that briefly treating the donor population with GSIs not only reduced the graft volume but
also altered the composition of the graft ; control grafts showed neural overgrowth with numerous PAX6+ and Ki
67+ neural rosettes, whereas GSI-treated samples developed into mature neuronal grafts containing primarily Tubβ
3+ cells. These results suggest that pretreating potentially proliferative progenitors with GSIs may improve the
safety of cell replacement therapies using pluripotent stem cells.
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Fig. 3 Histologic analyses of human iPSC-derived grafts with or without GSI pretreatment
(A) Representative immunohistologic image of a graft from each group at 8 weeks post-transplantation. The iPSC-derived NPCs
were pretreated with GSIs for 4 days, and transplanted into the SCID mice. Control grafts pretreated with DMSO were large with
numerous neural rosettes, whereas GSI-treated grafts did not show overgrowth. Scale bar, 500 μm. (B) Graft volume was esti-
mated for each animal. Pretreatment with GSIs significantly reduced the graft volume. Control : n = 7 ; DAPT : n = 4 ; compound





Fig. 4 Characterization of viable grafts pretreated with GSIs
Graft cells positive for Tubβ3 and HNA. Grafts pretreated with GSIs primarily contained a more homogenous population of mature
Tubβ3+ neurons. Scale bars, 100 μm.
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臣諮問委員会に申請し，平成 19 年 11 月 25 日国内初の承認を受けた．平成 20 年 2 月 5 日に第一例の治療を開始し，






細胞を用いた再生医療と同時に，薬剤等による in situ での組織再生の探求も重要な課題である．我々は生理活
性物質であるプロスタノイドに注目し，その受容体特異的作動薬の応用を検討してきた．プロスタグランディン E
2 受容体の中の EP2 受容体に特異的に作用するアゴニストにより，軟骨細胞の増殖が促進されることを報告し，




的解析及び in vitro 培養系での実験結果より，この変性予防作用は MMP-13 産生の抑制を介した作用であると想定
された．これらの結果に基づき，現在 Drug Delivery System を繰返し投与が可能となるように改変し，外傷性モ
デルによる解析を行っており，有望は結果が得られており，臨床応用が期待できる薬物であると考えている．
図 1 同一ドナーの異なる組織由来の iPS細胞の解析．A．樹立模式図．同一ドナーより皮膚及び骨髄液を採取し，それぞれ皮
膚線維芽細胞（Dermal fibroblast，DF）及び骨髄間質細胞（Bone marrow stromal cell，BMSC）を単離培養，その後それぞれ
を iPS細胞とした．B．樹立した iPS細胞クローンのクラスター解析．未分化状態における遺伝子発現プロフィアルから
ドナー 90（水色）とドナー 91（緑色）由来のクローンを分類した．DF由来クローン（黄色文字）と BMSC由来クローン（赤
文字）はドナー毎に分類され，由来組織毎のクラスターは形成されなかった．
Figure 1 Molecular analyses of iPSC clones derived from different tissues of an identical donor. A. Process of establishment.
Skin and bone marrow were taken from a same donor, and dermal fibroblasts (DF) and bone marrow stromal cells
(BMSC) were established from each tissue. Then, iPSCs were created from each type of cells. B. Cluster analyses of
iPSC clones. Expression profiles of iPSC clones derived from donor 90 (blue box) and 91 (green box) were analyzed at
undifferentiated state. DF-derived clones (yellow letter) and BMSC-derived clones (red letter) were classified based on
the origin of donor, not by the origin of tissue.
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5．iPS 細胞を用いたアプローチによる研究
平成 19 年 11 月に山中伸弥教授らによって樹立されたヒト iPS 細胞は，自家多能性幹細胞を用いた再生医療を可





The objectives of our department are to disclose the pathology of disorders in mesenchymal tissues at molecu
lar level and to develop new therapeutic modalities by understanding physiological growth and differentiation of
mesenchymal cells. Following projects are currently undertaken.
1. Regulation of growth and differentiation potential of mesenchymal stem cells
Mesenchymal stem cells(MSC),which exist in bone marrow stromal tissues, have a potential to differentiate to
cells of various types in mesenchymal tissues. However, many fundamental features of, are still unknown, which
are crucial for the development of regeneration therapy using MSC as the evidence based medicine. In collabora
tion with the Department of Orthopaedic Surgery in Kyoto University Hospital, we have analyzed the growth and
differentiation potential of primary human MSCs. As for the growth regulation, we found that increased expression
of the p16 gene, which is a key regulator of cell cycle, was the main cause inducing the senescence and growth ar
rest of MSC. We also found that the hypoxic culture condition inhibited the upregulation of the p16 gene, and re
tained MSCs in the senescence-free state with multidirectional differentiation properties. We also found that hy
poxia down-regulated the activity of ERK, which, at least in part, involved in the down-regulation of the p16 gene.
We are currently investigating whether hypoxic culture can select particular types of cells.
2. MSC as cell-of-origin and tumor-initiating cells of sarcomas
A number of recent reports suggest that cancer cells are derived from stem cells in each tissue. Therefore
MSC can be cell-of-origin of sarcomas, which are malignant tumors developing in mesenchymal tissues. Also MSC
can be tumor-initiating cells of sarcomas, which are highly tumorigenic and resistant to chemotherapeutic drugs. In
other words, markers for sarcoma initiating cells can be used to identify MSC among stromal cells. We are cur
rently focusing of p75NGFR, which is expressed on both MSC and osteosarcoma, a representative sarcoma derived
from bone marrow stromal cells.
3. Clinical trial of the new treatment for osteonecrosis using MSC.
As the clinical application of MSC, we have engaged in the development of cell transplantation therapy for os
teonecrosis. Based on the results obtained by the animal experiments using dogs, we established the protocol for
the clinical trial in collaboration with Center for Cellular and Molecular Therapy in Kyoto University Hospital,
which followed the guideline for the clinical trial using somatic stem cells issued by the the Ministry of Health, La
bour and Welfare (MHLW). After the examination of ethical committee of Kyoto University and MHLW, our proto
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col was approved on November 25, 2007, and the first case was registered on November 31, 2007. Since then 15
cases have been treated until the end of December 2010. All of 10 cases of femoral head necrosis were followed at
least 24 months, showing satisfactory results. Based on the data of this intermediate evaluation, we are going to sub
mit this method as an advanced therapy for MHLW.
4. Application of agonist for the PGE2 receptors for the articular cartilage repair
In addition to the development of cell therapy, it is also important to develop the in situ treatment using drugs
or small molecular materials. We have focused on prostanoids, which belong to physiological active materials, and
applied receptor agonists for the regeneration therapy. First we focused on EP2, which is one of four types of
prostaglandin E2 receptor, and reported that the agonist specific to EP2 stimulated the growth of mouse and hu
man chondrocytes extracted from articlular cartilage. Based on these results, we have performed the in vivo experi
ments using rabbits. At first, we created the osteochondral defects and investigated the effect of EP2 agonist for tis
sue regeneration. As a result, in combination with appropriate drug carriers, EP2 agonist enhanced the cartilage re
generation in vivo, and contributed to reconstruct the osteo-chondral boundary, which is important factor to main
tain normal structure of articular cartilage. Next, we created traumatic degeneration model by the dissection of an
terior cruciate ligament and partial resection of medial meniscus and found that administration of EP2 agonist pre
vented the degeneration of articular cartilage dose-dependently. Immunohistochemical analyses and in vitro experi
ments suggested that the preventive effect of EP2 agonist is through the inhibition of MMP-13 expression, which is
one of major protease to break cartilage matrix. Based on these results, we created new drug delivery system
which allows repetitious administration and now are investigating the effect for traumatic degeneration model. Pre
liminary results suggested that this receptor-specific agonist is a promising molecule for clinical application.
5. Research related to iPS cells
Human iPS cells, which were established by Prof. Shinya Yamanaka on November 2007, are pluripotent stem
cells enabling the regenerative medicine using patients’ own cells. We have been engaging the research related to
iPS cells as members in the Center for iPS Research and Application, Kyoto University, which was established on
April 1, 2010. First project was to find whether the cell-of-origin of iPS cells affects their characteristics using
genetically matched iPS cells established from different tissues of same donors. We found that characteristics of
iPS depend on donors but not on the type of original somatic tissues. Current theme is to investigate the pathology
and to develop new therapeutic drugs for intractable bone and cartilage diseases using patients-derived iPS cells.
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改善・移植効果増強の研究を開始し，当該遺伝子の knock-down や knock-out マウスの分離膵島などを用いて有望
な結果を得つつある．また，マウス ES 細胞から β 細胞を効率的に分化誘導する研究では，分化初期の definitive en-









膵島の PVA マクロカプセル化による臨床応用や，ブタ膵島の PVA マクロカプセル化によるペット動物の糖尿病
治療等への応用を視野に入れて，臨床応用に適した作成法の確立，作成機材の研究等を進めている．
Our final goal is to establish regenerative medicine for diabetes mellitus, which should be a safe and effective
therapy available whenever and wherever required for a growing number of diabetes patients world-wide. Major
fields of our research are studies on bioartificial pancreas toward clinical application, search for novel cell sources
applicable to diabetes therapy utilizing wide range of cells including various stem cells, and developmental re
search upon technologies to accomplish these studies.
In severely diabetic patients, pancreas or islet transplantation is indicated, if good control of blood glucose lev
els is not available. However, donor shortage and complications due to immunosuppressive therapy are inevitable
problems of allo-transplantation. In addition, islet transplantation that drew attention as a promising curable treat
ment has become less attractive because of rather a short duration of insulin-free period after transplantation.
Therefore, current transplantation therapies are still far from our dream. In such circumstances, much expecta
tions are placed on regenerative medicine for diabetes mellitus.
In order to develop regenerative medicine for diabetes mellitus, there are several different approaches such as
enhancement of patient’s own islet regeneration, auto- or allo-geneic islet-like cells differentiated from somatic, em
bryonic or induced pluripotent stem cells in vitro and xeno-geneic islets isolated from the pancreas of animals e.g.
pigs. However, as long as non-self cells are used and even autologous cells are used to type-1 diabetes that has auto
immune background, efficient immunosuppression should be required. In order to avoid it, we are diligently study
ing bio-artificial pancreas, in which islet cells are encapsulated by several kinds of semi-permeable membrane or hy
drogel and thereby protected from host immune responses. In fact, clinical trial of micro-encapsulated porcine islets
are ongoing in a few foreign countries, showing certain beneficial effects. However, micro-encapsulated islets do not
allow complete retrieval, which may lower the safety level.
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We have established isolation method of porcine pancreatic endocrine cells as well as rat islets. Using these islets,
we have successfully shown the efficacy of several macro-devices of bio-artificial pancreas. In contrast to micro-
encapsulation, macro-devices are retrievable and exchangeable, which is important advantage toward clinical appli
cation. In our past studies, mesh-reinforced polyvinyl alcohol (PVA) tube and bag, rod-shaped device of agarose con
taining polystyrene sulfonate, anti-complement substance, and so on were investigated in allo- and xeno-geneic situ
ations. We have also shown that the subcutaneous site pretreated for angiogenesis can be successfully used for
transplantation site of these devices, leading to long-term normalization of blood glucose levels in diabetic mice. Re
cently we developed a novel method to make a sheet-shaped PVA-macroencapsulated islets by a combination of the
freezing technique of islets and the phenomenon that PVA solution becomes gel by freezing and thawing. Briefly,
islets are suspended in islet freezing solution containing PVA and this viscous solution is molded into a mesh-
reinforced sheet and then frozen. This method enables us to make a device of any size with any shape that may be
applicable to bigger animals and humans. PVA-macroencapsulated islets are unique cryo-preservable bio-artificial
pancreas that allows easy shipping, accumulation and quality-control of the device, which is suitable for clinical usage.
In the year 2012, we started a collaborative study with Dr. Rieko Ohki (National Cancer Center Research Insti
tute) on the effect of knock-down of PHLDA3, a novel tumor-suppressor gene found in endocrine tumors of the pan
creas and lung, on fragility and transplantation efficacy of islets. We also performed in vitro experiment in mouse
ES cells and studied the roles of activin in early differentiation toward definitive endoderm and a part of this study
was presented in an academic meeting. We have already found that formation of cell cluster of MIN6 cells en
hances islet specific gene expression, more physiological glucose-insulin response curve and more rapid insulin re
lease in response to glucose stimulation. In order to investigate the effects of cluster formation in transplantation,
we started another study on the novel culture surface to develop high-thoughput methods of cell cluster formation.
We have established a method of cell fusion between islet cells and mesenchymal stem cells and obtained results
suggesting that such cells show persistent insulin-release in vitro and more efficient after transplantation. This
study is on the way to publication. These in vitro processed cells will be studied for the feasibility to be involved in
PVA-macroencapsulate for diabetes therapy.
In addition, in collaboration with Professor Masashi Goto and Dr. Naoaki Sakata of Tohoku University, we are
developing novel instruments and methods suitable to process PVA-macroencapsulated islets for clinical use with a
view to clinical application of human islets and veterinary use of porcine islets.
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体内再生 in situ Tissue Engineering です．すなわち，自己の細胞が増殖，分化できる適切な足場を体内に与えるこ
とによって，損傷を受けた自己の臓器が本来の構造と機能を再生出来るようにしています．研究の方法としては，

































In situ Tissue Engineering : We have devised a
completely new approach to the development of artifi-
cial organs. The main procedure using tissue engi-
neering for tissues and internal organs involves the
removal of the cell component from auto- or allo-
organs to obtain only the extracellular matrix, so-
called refined extracellular matrix (ECM) and recon-
stitutes the solid structure from the extracted colla-
gen. This ECM or reconstituted structure is then em-
ployed as scaffolding, which after implantation into
the patients is used for the regeneration or re-
differentiation of tissue. Organs made of self-cells thus
regenerate. Organs that regenerate in this manner not only possess highly differentiated tissue structures, but also
show functional recovery, because all the cells are derived from the patients themselves. Whether or not our new
method is practicable will depend mainly on the intrinsic regeneration capacity of each tissue. Up to now, in higher
mammals including man, it has been believed that highly differentiated organs lose their ability to regenerate. We
consider that mammals do not, in fact, lose this potential, and that the potential is hidden by excessively rapid
wound healing around the failing tissues. In this sense, if we can provide good conditions using refind ECM, we can
induce this hidden potential even in higher mammals. We have already carried out succeessful trials at regenerat-







The upper panel shows the results of hematoxylin & eosin stain
ing, middle panel shows the Masson’s trichrome staining, and
the lower panel shows the fluorescence. Nuclei were labeled
with DAPI, and fluoresced blue. DiI-labeled ASCs (red fluo
resence, indicated by arrows) surrounded the fibrotic tissue, but
barely migrated into the scar, in which interstitium was thick
ened by fibrosis, and the alveolar architecture was distorted.
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plicable to other soft tissue organs such as the liver, heart, and lung, as well as the spinal cord. These results will be
welcomed by patients who are dependent on palliative life-support systems, or transplantation candidates who are
waiting for suitable donors. An additional benefit is that patients will be freed from the side effects of immunosup-
pressive drugs. The judgment of the brain death can then be discussed separately from the issue of transplantation,
and will become a personal problem. Further more, this new approach help to reduce ever-expanding medical costs,
which are in danger of destroying our health insurance system in the near future.
No study based on these concepts has ever been done either in Japan or abroad. In this sense, our pioneering
work is expected to be a major area of medical science for the coming generation.
Strategy and targets of our study
The target organs currently being considered for this development project are the heart, heart valves, esopha-
gus, stomach, intestine, gallbladder, trachea, lung, liver, kidney, peripheral nerves, spinal cord, cornea, tendons, liga-
ments, cartilage, bone, fatty tissue, periodontal tissue, and permanent teeth. We plan to employ the two majour
methods as described below.
ECMMethod
To obtain the purified extracellular matrix, cell components are completely removed from homo or allo-organs.
The solid structure is reconstituted from the ECM and extracted collagen. Growth factors are then applied to facili-
tate cell proliferation. Then this ECM-collagen-growth factor composite is implanted into the living body as a tem-
porary scaffolding for new organ regeneration. Besides this, bioabsorbable materials will also be applied instead of
purified ECM as a bulk structure for organ regeneration. Both extracted collagen and growth factors are should fa-
cilitate cell proliferation and cell redifferentiation, leading to regeneration of organs completely composed of cells
derived from patients.
in situ Tissue Engineering and Field theory
Cells (or living tissues) of patients are complexed (mixed) with purified ECM or bioabsorbable material. Using
this complex, reconstruction of the failing tissues or organs will be attempted. Mesenchymal stem cell (MSC) ob-
tained from the bone marrow is now applied to this method.
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に生殖顆粒 RNP 構造が挙げられる．我々はマウス生殖顆粒の特異的な構成分子をコードする tudor 関連 Tdrd 遺
伝子群の機能解析を進めている．Tdrd 遺伝子群のノックアウトマウスを作製した所，これら遺伝子のホモ欠損個
体はいずれも雄生殖細胞の分化に異常を示す事が明らかとなった．このうち TDRD1，9 はマウス piwi ファミリー
MILI，MIWI2 と相互作用し，雄生殖幹細胞において piRNA 経路を介してレトロトランスポゾン LINE-1 の RNA，
エピゲノムレベルでの抑制に機能する．一方，TDRD6，7 は精子細胞の半数体成熟に働く．生殖顆粒は体細胞の
processing body，stress granule 等と分子構成が類似しており，現在生殖細胞の RNA 制御，ストレス反応等につ
いて解析を進めている．（2）減数分裂を制御する開始シグナルとクロマチン動態：幹細胞－生殖細胞サイクルにお
マウス胚性幹（ES）細胞のプロテオーム解析．核動態に注目して MudPIT法及び SILAC法を用いた LC-MS/MS
解析により数千蛋白質の一斉同定と相対定量解析を進めている．











確な分裂寿命が認められずゲノム損傷による G1 チェックポイントが観察されない．また ES 細胞の DNA 変異率
は他の体細胞と比べて低く DSB 修復は HR 経路が NHEJ 経路よりも優位に利用され染色体不安定性のスペクトル
は ES 細胞と分化体細胞とで異なる．これら ES 細胞と分化体細胞の相違はゲノム損傷応答の制御の違いによるも
のと考えられるがその分子機序は殆ど明らかになっていない．我々は ES 細胞や GS 細胞のプロテオーム解析を中
心としたマルチオミクス解析を行う事で幹細胞－生殖細胞サイクルのゲノム維持機構，特に DNA 損傷に対する修
復ダイナミクスとクロマチン動態の分子ネットワーク解明を目指して研究を進めている．
The germline is the cell lineage that gives rise to full ontogenesis of individuals and transmits genetic informa-
tion to next generations. During the differentiation of germ cells, important biological processes take place, such as
epigenetic reprogramming, establishment of pluripotency and genetic DNA recombination. Our current research
focuses on the molecular characterization of germinal granules/nuage, germline-specific ribonucleoprotein (RNP)
assemblies in the cytoplasm, and the regulation of meiotic entry and chromatin dynamics.
One structural characteristic observed in the germline is a cytoplasmic RNP domain called germinal granules
or nuage. The germinal granule/nuage is evolutionarily conserved in divergent animals, suggesting its essential
and common role in the germline, but the precise molecular and physiological function (s) remains unclear. We are
working on tudor-domain containing (Tdrd) genes, mainly Tdrd1, 6, 7 and 9, which encode for specific components
of mammalian germinal granules/nuage. Gene-targeted disruption of Tdrd1, 6, 7 and 9 all led to male-specific steril-
ity due to postnatal defects in spermatogenesis. Among these, TDRD1 and TDRD9 cooperate with piwi proteins,
MILI and MIWI2, respectively, and function non-redundantly in retrotransposon silencing at RNA and epigenetic
levels in spermatogonial stem cells and subsequent spermatogenesis. In contrast, Tdrd6 and 7 function in haploid
spermiogenesis. Tdrd6 and 7 mutants show abnormal spermatid differentiation with aberrant chromatoid body ar-
chitectures. Chromatoid bodies, a specialized form of germinal granules/nuage in spermatids, share some of their
components with somatic processing bodies (p bodies), a form of RNP implicated in degradation or translational
control of mRNA. We are addressing the possible function of TDRD6 and 7 in the regulation/metabolism of RNA.
Molecular mechanisms controlling meiotic entry and chromatin dynamics are important research subjects in
cell and developmental biology. We previously showed that primordial germ cells autonomously enter into meiosis
when cultured in vitro and identified a factor that suppresses this meiotic transition from mitosis. Recently, we es-
tablished another in vitro culture system that induces meiosis initiation of an established germline stem cell line de-
rived from spermatogonia. By using this culture system, we identified signaling molecules that promote or inhibit
meiosis from mitotic spermatogonial stem cells. We are undertaking biochemical and genetic characterization of
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these signaling pathways in vitro and in vivo.
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Norio Nakatsuji “Cell-material integration for stem cell research at iCeMS, and how I began to enjoy multidiscipli-





Department of Embryonic Stem Cell Research
分野主任 准教授 末盛 博文
Assoc. Prof. Hirofumi Suemori
【研 究 概 要】
ヒトES細胞株の樹立と臨床応用を目指した基盤研究
ヒト ES 細胞の医療応用を目指した基盤研究を行っている．これまでに 5 株のヒト ES 細胞株を樹立しうち 3 株
は 2004 年 3 月から，2 株は 2009 年 4 月から分配を行っている．これまでに 50 件以上の研究計画に対して細胞株
を分配し多くの研究成果が上げられている．
細胞プロセシング室による臨床用ヒトES細胞バンクの構築
これらの十分な利用実績のあるヒト ES 細胞株を医薬品 GMP レベルで使用できるように動物由来成分を除去す




養技術開発を行った．臨床用 ES 細胞バンクの品質管理を国際的な水準で実施するため，ISCBI（International Stem
Cell Banking Initiative）による，基礎研究用 ES 細胞バンクに品質基準の策定に続き，臨床レベルでのバンキング
品質基準の策定に参画している．
図 1 ヒト ES/iPS 細胞の大量培養に適したラミニン断片の構造
nativeなラミニンは巨大なタンパク質で生産が困難であるが，今回用いたラミニン断片は効率良く製造することが可能である．
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臨床利用に適したヒト多能性幹細胞の培養基質の開発








図 2 これまでよく用いられてきたマトリゲルに比べて LM-E8では細胞が効率良く接着し，より生存増殖していく．
図 3 従来法に比べて，一月間に 200倍以上の効率良く細胞を拡大することができるようになった．
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Establishment and analysis of human ES cell lines aiming clinical application
Embryonic stem (ES) cell lines are pluripotent stem cell lines which can be propagated indefinitely in culture
retaining their differentiation potency into every cell types of tissues in the body. Since establishment of human ES
cell lines were reported, clinical use of functional tissues and cells from human ES cells are expected. In Japan,
there have been many demands for use of human ES cells on basic and pre-clinical researches. We started to estab-
lish human ES cell lines using donated frozen embryos in January 2003 and successfully established 5 human ES
cell lines. We have distributed these cell lines to over 50 researches.
Cell processing facility for banking of clinical grade human ES cell lines.
For clinical application of hES cells, several issues remain to be solved such as development of complete-
defined culture medium and feeder-cell free substrates. To verify these factors we should establish a standardthat
reaches international levels. To achieve that purpose we have been working as a member of working groups of the
International Stem Cell Forum (ISCF) and banking group of ISCBI (International Stem Cell Banking Initiative). Re-
cently the ISCBI established “Consensus Guidance for Banking and Supply of Human Embryonic Stem Cell Lines
for Research Purposes” as a first fruit, and we are working to establish guidelines for clinical use of human ES cells.
Improved survival and proliferation of human pluripotent stem cells by using recombinant laminin functional frag-
ments.
Human ES/iPS cells have the potential to provide infinite sources of tissues for regenerative medicine. How-
ever, lack of reliable methods for large-scale expansion of stem cells with defined and/or xeno-free media hinder
the realization of such potential. We showed that recombinant E8 fragments of laminin isoforms（LM-E8s）can sus-
tain undifferentiated proliferation of singly dissociated hES/iPS cells in various defined, xeno-free media. LM-E8s
enable higher adhesion of hES/iPS cells than intact laminin isoforms. We could maintain several hES/iPS cell lines
after complete dissociation on LM-E8s, while sustaining a high level of expression of pluripotency markers and a
normal karyotype for more than 30 passaged. This culture system allows bulk proliferation of hES/iPS cells under
defined, xeno-free conditions, and will be valuable for therapeutic application of hES/iPS cells.
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幹細胞分化制御研究分野
Department of Stem Cell Differentiation
分野主任 教授 山下 潤
Prof. Jun K. Yamashita
【研 究 概 要】
幹細胞分化制御研究分野では，ES 細胞（胚性幹細胞：embryonic stem cells）及び iPS 細胞（人工多能性幹細胞：in-
duced pluripotent stem cells）を用いて，心血管系の細胞分化・再生に関する研究を行っている．
ES 細胞は，全ての種類の細胞に分化することができるいわゆる「万能」幹細胞と考えられている．この全能性（plu-















vitro および in vivo において構築すること，いわば血管の発生過程を再現することに成功した（Yamashita, Nature,
2000．）．この in vitro 分化系では，Flk1 陽性細胞を共通の前駆細胞として，内皮細胞，壁細胞，血球細胞が分化し，
さらにそれらの細胞が血管としての高次構造を形成する．また，中胚葉由来の細胞の一つである心筋細胞も同様に
Flk1 陽性細胞から分化誘導することと共に新しい心筋前駆細胞の同定に成功している（Yamashita, FASEB J, 2005）．
動静脈リンパ管内皮細胞分化や心筋ペースメーカー細胞などさらに多様な心血管細胞の分化誘導を行っている
（Yamashita, Trends Cardiovasc Med, 2007 ; Yanagi, Stem Cells, 2007 他）（図）．最近我々は，免疫抑制剤のサイクロ
スポリン A が Flk1 陽性中胚葉細胞に特異的に作用し，心筋前駆細胞及び心筋細胞の分化を促進する，という全く
新しい作用を見出した（Yan, Biochem Biophys Res Commun, 2009）．本研究をもとに心筋細胞の効率的分化を誘導
する低分子化合物の探索を行っている．これら技術と細胞シート作製技術（東京女子医科大学）を組み合わせ，心筋
梗塞亜急性期における心臓細胞シート移植の効果と作用機構を明らかにした（Masumoto, Stem Cells, 2012）．また，
血管内皮細胞分化を培養下において構成的に再現することにより，cAMP シグナルの意義を次々に明らかにした．
すなわち，Protein kinase A が血管前駆細胞の VEGF への感受性を変化させて内皮細胞分化を促進していること
Annual Report 2012
幹細胞研究部門 －１１４－
（Yamamizu, Blood, 2009），同作用が CREB による転写因子 Etv2 発現誘導によること（Yamamizu, Stem Cells, 2012），
痛覚に関与するオピオイドが cAMP シグナルを抑制することにより内皮分化・血管形成に抑制的に作用している
こと（Yamamizu, Blood, 2011 表紙），及び Notch と β-catenin が直接相互作用することにより動脈内皮への運命決
定を行っていることを新たに示した（Yamamizu, J Cell Biol, 2010）．また PKA シグナルの幹細胞分化早期における
意義を検討し，PKA がヒストン H3 メチル化酵素 G9a の発現を増加させることにより，Oct4 など未分化遺伝子へ
の負のヒストン修飾（リジン 9 ジメチル化）を促進し，細胞分化を早めることを示し，シグナルとエピゲノム制御の
新しい連関とそれによる分化タイミングの制御機構を明らかにした（Yamamizu, Cell Stem Cell, 2012）．
さらに，最近本研究所山中伸弥教授によって樹立された人工多能性幹細胞（iPS 細胞）を用いて同様の実験システ
ムを構築し，新たな心血管再生研究を開始している．ES 細胞研究において蓄積したノウハウを用いていち早くマ
ウス iPS 細胞を用いた心血管系細胞の分化誘導に成功した（Narazaki, Circulation, 2008）．またサイクロスポリン A
の作用を応用し，ヒト iPS 細胞からの機能心筋細胞を誘導することにも成功した（Fujiwara, PLoS One, 2011）．さ
らに高効率な新しいヒト iPS 細胞の心筋分化法と誘導心筋細胞の純化法の開発にも成功した（Uosaki, PLoS One,
2011）．
このように我々の ES 細胞を用いた in vitro 分化系は，種々の循環器系の細胞群を系統的に分化誘導することが
でき，心血管の発生分化過程を培養下に恣意的に操作しながらしかも経時的に観察できる．従って，この分化系を
用いることにより心臓血管の発生分化のメカニズムを細胞レベル，分子レベルで検討し，ノックアウトマウスの形
質解析に依存していた分化の分子機構の解析を in vitro で行うという新しいアプローチが可能になったと考えられ
た．またこれらの知見を様々な形で再生医療を中心とした応用研究に展開することができる．
現在，この ES 細胞 in vitro 分化系を用いて，以下のようなプロジェクトを遂行している．
1．ES 細胞/iPS 細胞 in vitro 分化系を用いた心血管細胞分化多様化の分子機構の解析
1）DNA チップを用いた網羅的心血管分化関連遺伝子の同定
1）動静脈・リンパ管内皮特異的分化誘導と内皮細胞多様化機構の解析（Yurugi-Kobayashi, Arterioscler Thromb
Vasc Biol, 2006 ; Kono, Arterioscler Thromb Vasc Biol, 2006 ; Yamashita, Trends Cardiovasc Med, 2007 ;
Yamamizu, J Cell Biol, 2010）
2）cAMP 及び PKA による血管内皮細胞の分化能調節機構（Yamamizu, Blood, 2009 ; Yamamizu, Stem Cells,
2012）
3）血管内皮分化/血管形成及び腫瘍形成におけるオピオイドの意義（Yamamizu, Blood, 2011 表紙）（星薬科大学
との共同研究）
4）ES/iPS 細胞分化過程におけるエピジェネティクス制御機構の関与と意義（Yamamizu, Cell Stem Cell, 2012）
（東京大学との共同研究）
2．ES 細胞/iPS 細胞からの心血管細胞の分化誘導と再生治療応用
1）2 次元培養による新しい ES 細胞からの心筋細胞分化誘導法の開発と新しい心筋前駆細胞の同定（Yamashita,
FASEB J, 2005）．
2）心筋細胞 in vitro 分化系を用いた心筋分化・多様化の分子機構の解析
3）ES 細胞由来心筋細胞自動能形成機構の解析（Yanagi, Stem Cells, 2007）
4）サイクロスポリン A を用いた新しい高効率心筋前駆細胞・心筋細胞分化誘導法（Yan, Biochem Biophys Res
Commun, 2009 ; Fujiwara, PLoS One, 2011）（京都大学心臓血管外科・内分泌代謝内科との共同研究）
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5）ヒト ES 細胞からの心血管細胞分化誘導
ヒト ES 細胞使用計画「ヒト ES 細胞を用いた心血管細胞分化機構に関する研究」（研究代表者・山下 潤，
平成 17 年 3 月 10 日文部科学大臣承認）
ヒト ES 細胞を用いた心血管分化研究を行っている．
6）iPS 細胞を用いた心血管分化再生に関する研究
�）マウス iPS 細胞からの心血管細胞分化系（Narazaki, Circulation, 2008 ; Best Paper Award in Basic Science
category, Circulation 2008）
�）新しい高効率ヒト心筋分化誘導法の開発と VCAM1 を表面抗原として用いた新しい心筋細胞純化法の開
発（Uosaki, PLoS One, 2011）
�）iPS 細胞由来心臓細胞シートを用いた細胞移植治療の開発（Masumoto, Stem Cells, 2012）（東京女子医大・
京都大学心臓血管外科との共同研究）
�）ヒト iPS 細胞分化における心筋前駆細胞の誘導と純化
7）iPS 細胞分化システムのケミカルバイオロジー及び創薬応用（Nakao, Bioorg Med Chem Lett, 2008）（早稲田大
学他との共同研究）
8）心筋細胞分化・増殖を促進する新しい化合物の探索・同定
Main theme of our research : Elucidation of cellular and molecular mechanisms of cardiovascular development and
the application to cardiovascular regeneration using in vitro differentiation system of embryonic stem (ES) cells and
induced pluripotent stem (iPS) cells.
Previously, we established a novel in vitro vascular differentiation system of ES cells (Yamashita, Nature, 2000).
Using ES cell-derived Flk1 (VEGF receptor-2)-positive mesodermal cells as starting material, we can induce all of
the vascular cellular compartments, that is, endothelial cells, mural cells (vascular smooth muscle cells and peri-
cytes) and blood cells. Vessel-like structures of endothelial cell tube with mural cell attachment and blood cell inside
are formed from Flk1+ cell aggregates in 3-D culture. Thus, this in vitro system should reproduce the early process
of vascular development. And we also demonstrated that the transplanted vascular cells induced by this system
could contribute to developing vasculature in vivo. Moreover, we have succeeded in inducing cardiomyocytes from
Flk1+ cells, and identifying a novel cardiac progenitor cells (Yamashita, FASEB J, 2005). Recently, we succeeded in
inducing arterial, venous, and lymphatic endothelial cells (Yamashita, Trends Cardiovasc Med, 2007 etc). All of car-
diovascular cellular components, thus, could be induced in our in vitro differentiation system. (Fig. 1). Recently, we
found that an immunosuppressant, cyclosporin-A, possesses a novel effect to potently induce cardiomyocytes and
cardiac progenitors from Flk1+ mesoderm cells (Yan, Biochem Biophys Res Commun, 2009). Currently, we are
screening to identify small molecules which can induce efficient cardiomyocytes from pluripotent stem cells and
could be effective for cardiac regeneration in vivo. Combining our technologies in stem cells and a cell sheet
method (Tokyo Women’s Medical University), we generated a cardiac cell sheet with defined cardiac cell popula-
tions (i.e. cardiomyocytes, endothelial cells, and vascular mural cells), and succeeded in showing potent restoration
effect on infarcted hearts after sheet transplantation (Masumoto, Stem Cells, 2012). Using our constructive induction
system for vascular cells, we recently demonstrated critical roles of cAMP/PKA signaling in endothelial cell differ-
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entiation and diversification. That is, protein kinase A (PKA) enhances vascular progenitor potential to endothelial
competent through dual upregulation of VEGF receptors, Flk1 and neuropilin1, in Flk1+ cells (Yamamizu, Blood,
2009). This effect is mediated by CREB-induced gene expression of an Ets family transcription factor, Etv2
(Yamamizu, Stem Cells, 2012). A neurophysiological modifier, opioid system, is found to regulate endothelial cell dif-
ferentiation and early vascular formation through inhibition of cAMP/PKA pathway (Yamamizu, Blood, 2011 ;
cover image). We also demonstrated that Notch and β-catenin directly interact in Flk1+ cells and determine arte-
rial endothelial cell fate (Yamamizu, J Cell Biol, 2010). We further examined new roles of PKA signaling in the ear-
lier stage of differentiation from pluripotent stem cells, and demonstrated a novel signal-epigenome linkage that
regulated timing of pluripotent stem cell differentiation. That is, activation of PKA induced rapid differentiation of
germ layer cells from the pluripotent state by increasing protein expression of a histone methyltransferase, G9a,
which suppressed pluripotent gene expressions though a negative histone modification, H3K9me2 (Yamamizu, Cell
Stem Cell, 2012).
Recently, we have started new research with the use of novel adult tissue derived pluripotent stem cells, in-
duced pluripotent stem (iPS) cells, and succeeded in systematic cardiovascular cell differentiation of mouse iPS cells
(Narazaki, Circulation, 2008). We recently succeeded in inducing functional cardiomyocytes from human iPS cells
using cyclosporin-A method (Fujiwara, PLoS One, 2011). We further succeeded in efficiently inducing cardiomyo-
cytes from human iPS cells and identifying a cell surface molecule, VCAM1, for purification of cardiomyocytes
(Uosaki, PLoS One, 2011).
In this system, we can manipulate the fate of cell differentiation, observe the behavior of differentiating cells,
purify and obtain cells at various differentiation stages. This system provides us possibilities to dissect the mecha-
nisms of cardiovascular development from new aspects, and offers novel potentials for cardiovascular regeneration.
Fig. 1 : Cardiovascular development in ES and iPS cell in vitro differentiation
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Research Projects :
1．Elucidation of cellular and molecular mechanisms of cardiovascular cell differentiation and specification using ES/
iPS cell in vitro differentiation system.
1）Specific induction of various endothelial cells types（i.e., arterial, venous, and lymphatic）and investigation of
the mechanisms for endothelial specification（Yurugi-Kobayashi, Arterioscler Thromb Vasc Biol, 2006 ; Kono,
Arterioscler Thromb Vasc Biol, 2006 ; Yamashita, Trends Cardiovasc Med, 2007 ; Yamamizu, J Cell Biol,
2010）．
2）PKA in the regulation of vascular progenitor potential（Yamamizu, Blood, 2009 ; Yamamizu, Stem Cells,
2012）
3）Significance of opioids in endothelium differentiation, vascular formation, and tumor growth（Yamamizu,
Blood, 2011 ; cover image）（collaboration with Hoshi University）
4）Significance of epigenome regulation in pluripotent stem cell differentiation processes, mainly with global
analyses of epigenetics in ES/iPS cell differentiation（Yamamizu, Cell Stem Cell, 2012）（Collaboration with
University of Tokyo）
2．Cardiovascular cell induction from ES/iPS cells and application to regeneration
1）Establishment of a novel cardiomyocyte induction system in 2-dimentinal culture（Yamashita, FASEB J,
2005）．
2）Dissection of cellular and molecular mechanisms of cardiomyocyte differentiation
3）Ion channels to reconstitute automaticity of ES cell-derived cardiomyocytes（Yanagi, Stem Cells, 2007）
4）Specific and efficient expansion of cardiac progenitor cells and cardiomyocytes by cyclosporin-A（Yan, Bio-
chem Biophys Res Commun, 2009 ; Fujiwara, PLoS One, 2011）（collaboration with Department of Cardiac
Surgery, and Department of Medicine and Clinical Science, Kyoto University Graduate School of Medicine）
5）Cardiovascular cell differentiation using human ES cells
Our human ES cell research project “Research for differentiation mechanisms of cardiovascular cell differen-
tiation using human ES cells” has been approved by the Science Ministry of Japan（2005.3.10）．
6）Cardiovascular regeneration with iPS cell research
i） Establishment of cardiovascular cell differentiation system of mouse iPS cells（Narazaki, Circulation, 2008 ;
Best Paper Award in Basic Science category, Circulation 2008）．
ii） Novel efficient cardiomyocyte induction and purification method with VCAM1（Uosaki, PLoS One, 2011）
iii） Cell sheet transplantation strategies with iPS cell-derived cardiac cell population．（Masumoto, Stem Cells,
2012）（Collaboration with Tokyo Women’s Medical University）
iv） Induction and purification of cardiac progenitors from human iPS cells
7）Application of iPS cell differentiation system to chemical biology and drug screening（Nakao, Bioorg Med
Chem Lett, 2008）（Collaboration with Waseda University）
8）Screening and identification of small molecules for cardiomyocyte differentiation and proliferation
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阪
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○山下 潤．新しい心血管再生治療戦略開発に向けた多面的アプローチ．第 11 回日本再生医療学会パネルディス
カッション．2012.6.12．横浜
○福島弘之．Novel small molecules potently induce cardiomyocytes from various progenitor populations 第 33 回
日本炎症・再生医学会．2012.7.5－6．福岡‘一般演題からシンポジウムへ採択’
○山下 潤．ES/iPS 細胞の心血管再生への応用．第 48 回日本小児循環器学会シンポジウム．2012.7.6．京都
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International Society for Heart Research, 29th Annual Meeting Symposium. 2012.10.27. Fukuoka, Japan.
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Tokushima, Japan.
○升本英利．Efficient differentiation of human iPS cells toward cardiovascular cell populations to generate bioengi-





Department of Stem Cell Engineering
分野主任 准教授 多田 高
Assoc. Prof. Takashi Tada







れることを世界に先駆けて発見した（Tada et al.（2001）Curr. Biol.）．この結果は，分化細胞を直接培養条件下で
多能性幹細胞に再プログラム化可能であること，また ES 細胞には体細胞の再プログラム化に必要十分な因子があ
ることを示していた．現在では，ES 細胞から同定された因子（Oct4, Sox2, Klf4 & c-Myc）の強制発現により体細胞
が多能性幹細胞（人工多能性幹（iPS ; induced pluripotent stem）細胞）に再プログラム化されることが明らかになっ






図 1 常染色体優性多発性嚢胞腎（ADPKD）モデルマウス由来の疾患 iPS細胞の遺伝的異常修復








Our body is built by an incredible variety of cell and tissue types, which develop from a single fertilized egg
through embryogenesis. Determination of the cell fate is epigenetically regulated through activation or repression
of specific genes. Nuclear reprogramming is a phenomenon that a specialized somatic cell acquires pluripotential
competence, which is defined by multi-lineage differentiation, due to reset of epigenetic memory of the somatic cell.
We found that embryonic stem (ES) cells, which have the robust capability of self-renewal with pluripotency under
culture conditions, retain the nuclear reprogramming activity as shown by cell fusion with a somatic cell (Tada et al.
(2001) Curr.Biol.). These findings have indicated the reality of direct reprogramming of somatic cell under a culture
condition with factors isolated from ES cells. Tremendously, it has been discovered that defined factors Oct4, Sox2,
Klf4 and c-Myc highly expressed in ES cells are sufficient for triggering nuclear reprogramming of somatic cells to
induced pluripotent stem (iPS) cells (Takahashi and Yamanaka (2006) Cell). It has been shown that Oct4, Sox2 and
Nanog cooperatively function as key transcription regulators in the repression of somatic cell genes and the activa-
tion of stem cell genes in pluripotent stem cells.
図 2 ヒト体細胞から再プログラム化された iPS細胞と iCS細胞での遺伝子発現
TIG1 ;体細胞，iESC上皮系幹細胞，iCSC；癌幹様細胞，iPSC ; iPS細胞
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Reprogrammed somatic genome through cell fusion with ES cells function in cell differentiation similar to the
ES genome. Comparative analyses of epigenetic modifications of the somatic genome before and after cell fusion
with ES cells demonstrated that the nuclear reprogramming is induced at least through two steps ; a)erasure of
the somatic cell memory accompanied with global chromatin de-condensation and b)acquirement of the pluripotent
stem cell memory. However, the pathway from somatic cell to pluripotent stem cell is largely unknown.
Aims)
1）Understanding of molecular mechanisms involved in nuclear reprogramming of somatic cells
2）Understanding of molecular function of stem cell factors in maintaining pluripotency and self-renewal
3）Development of nuclear reprogramming technologies toward clinical applications
Importance)
In the field of basic stem cell biology, understanding of the molecular mechanisms of nuclear reprogramming
of somatic cells to pluripotent stem cells will shed light on the central dogma, the succession of life. In the field of re-
generative medicine, the reality of personal iPS cells from individual somatic cells through nuclear reprogramming
rises the great hopes on regenerative medicine in near future. Toward realizing the regenerative medicine, further
study will be required to overcome several ethical and practical obstacles.
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Scholer, H.R., Matsui, Y. : REST and its downstream molecule Mek5 regulate survival of primordial germ
cells. Developmental Biology 372 : 190－202（2012）
Takehashi, M., Tada, M., Kanatsu-Shinohara, M., Morimoto, H., Kazuki, Y., Oshimura, M., Tada, T., Shinohara, T. :
Hybridization of testis-derived stem cells with somatic and embryonic stem cells. Biology of Reproduction
86 : e178, 1－9（2012）
Cheng, L.T., Sun, L.T., Tada, T. : Genome editing in induced pluripotent stem cells. Genes to Cells 17 : 431－438
（2012）
Cheng, L.T., Nagata, S., Hirano, K., Yamaguchi, S., Horie, S., Ainscough, J., Tada, T. : Cure of ADPKD by selection
for spontaneous genetic repair events in Pkd1-mutated iPS cells. PLoS One 7 : e32018（2012）
Hirano, K., Nagata, S., Yamaguchi, S., Nakagawa, M., Okita, K., Kotera, H., Ainscough, J., Tada, T. : Human and
mouse induced pluripotent stem cells are differentially reprogrammed in response to kinase inhibitors. Stem
Cells Dev. 21 : 1287－1298（2012）
Institute for Frontier Medical Sciences
幹細胞研究部門－１２５－
2）著 書
多田 高：遠くて近いノーベル賞，「2012 年ノーベル賞記念フォーラム」30 巻（19 号）: 3081－3083（羊土社，東京 2012）
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【再生実験動物施設の現状について】
附属再生実験動物施設では，平成 23 年度イヌ；137 頭，サル；4 頭，ウサギ；33 羽，ラット；67 匹，マウス；8,712
匹が実験動物として飼養された（京都大学動物実験委員会「動物実験に関する自己点検・評価報告書」平成 24 年 7








南部総合研究実験棟（2002 年 12 月設置，再生医科学研究所，ウイルス研究所，医学部の 3 部局による共同研究
実験棟）マウス飼育室は稼動を開始してから 7 年が経過した．現在，SPF マウス飼育室全 16 室中，再生研；11 室，






























る．このため，まず，個体内での GPI-AP の局在を網羅的に解析するために，GPI アンカー型 GFP レポーター蛋
白質（EGFP-GPI）を構築した．これを導入したトランスジェニックマウスでは，予想以上に EGFP-GPI が，外分泌















受精能が回復した．このことから，ACE は in vivo で GPI-AP 遊離活性（GPIase）があり，この活性をもって受精に
重要な役割を担っていることが示唆された（Kondoh G. et al. Nat. Med., 11, 160－166, 2005）．また，GPI アンカーの
生合成に関わる PGAP1 遺伝子ノックアウトマウスでも，ACE ノックアウトマウスと酷似の雄性不妊を示し，同
じく精子膜上の GPI-AP が貯留傾向にある．これらのことから精子膜からの GPI-AP 遊離が精子の受精能獲得の重
要なステップである可能性が示唆された．
そこで，この過程を追跡する GPI アンカー型 GFP（EGFP-GPI）Tg マウスを用い，精子における GPI-AP 遊離と
受精能獲得との相関を詳細に解析した．まず，精巣上体精子を採取し，精子成熟を誘導する methyl-β-cyclodextrin
（M-β-CD）を含む培養液で培養したところ，時間経過とともに蛍光の減衰が見られた．また，Hyal5，Prss21 など






わち，M-β-CD は従来から言われている capacitation 誘導に加えて先体反応も促進することがわかった．我々は，
上記精子膜変化に先体反応を加えて一連の現象を精子膜反応（sperm membrane reaction, SMR）と呼称し，射出精
子での解析を行った．その結果，SMR は子宮内精子ではほとんど見られなかったが，卵管内遊走精子の約 40％，
卵丘細胞層侵入精子の約 70％，また透明帯接着精子の全てで観察され，SMR は卵管内で階層的に起こることが示
唆された（Watanabe H. and G. Kondoh J. Cell Scie., 124, 2573－2581, 2011）．次に，これらの変化を誘導する生体内因
子を同定するため，3 条件（1．発情未交配，2．精管結紮雄マウスと交配，3．正常雄マウスと交配）の雌から子宮
卵管移行部組織を採取し，マイクロアレイ比較解析を行った．条件 2 と条件 3 の違いは，条件 3 では精子および精
巣上体分泌物による刺激が加わることにある．そこでこれらの間の遺伝子発現プロファイルを比較すると，210 個
の遺伝子が 3＞2 の発現上昇を示した．さらに構造的に分泌型もしくは膜結合型タンパク質をコードするものを選








ンジェクション機器の購入や煩雑なメインテナンスのいらない方法を可能にした（Kondoh G. et al. J. Biochem. Bio-
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phy. Methods., Methods., 39, 137－142, 1999）．これらの技術集約のもとに，過去 8 年間で 8 報の論文発表に，遺伝子
改変マウス作出担当として参加した．
Mammalian sperm undergo multiple maturation steps after leaving testis to be competent for fertilization. Se-
rial important changes occur in the female reproductive tract on sperm, although the molecular mechanisms un-
derlying these processes remain unclear. To investigate the sperm membrane remodeling upon sperm maturation,
we developed transgenic mouse lines carrying glycosylphosphatidylinositol (GPI)-anchored enhanced green fluo-
rescent protein (EGFP-GPI) and traced the fate of this fluorescent protein during the fertility acquiring sperm proc-
ess in vitro and in vivo . When the green-fluorescent sperm were treated with compounds for promoting acrosome
reaction, EGFP-GPI was released from the sperm surface cross-linked with characteristic relocation of a lipid raft
marker ganglioside GM1. Sperm ejaculated into the uterus strongly expressed EGFP-GPI in the head region, while
a part of the oviductal sperm lost fluorescence in an angiotensin-converting enzyme (ACE)-dependent manner.
Moreover, the sperm on the zona pellucida of eggs in the oviduct were found to be exclusively GFP low. These re-
sults suggested that sperm undergoing GPI-AP release associated with reorganization of lipid raft and acrosome
reaction acquire fertilization potential.
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【研 究 概 要】
1．生きている細胞中での 1分子観察と操作法の開発




































Paradigm shift of the concept of the plasma membrane structure
The plasma membrane has been considered to be a two dimensional liquid, with their constituent molecules,
membrane proteins and lipids, diffusing freely in the plasma membrane, the Singer-Nicolson model widely accepted
for these 30 years. However, we found that the plasma membrane is partitioned into many small compartments,
and both membrane lipids and proteins undergo short-term confined diffusion within a compartment, and long-
term hop diffusion between the compartments. These membrane compartments are delimited by the membrane
skeleton and the transmembrane proteins anchored to the membrane skeleton (Fujiwara et al., 2002 ; Murase et al.,
2004 ; Kusumi et al., 2005 ; Morone et al., 2006). This entails a paradigm shift for the concept of the plasma mem-
brane, from the continuous 2-dimensional fluid to the compartmentalized, structured system. This could be found
because we have developed high time resolution (25 microseconds) single-molecule tracking techniques (Kusumi et









ing over all the molecules under observations. Without high-time resolutions, the residency time within a compart-
ment for 1 ms to 1 s could not be detected.
Single-molecule force microscope
An ultra-sensitive, single-molecule optical force scanning probe microscope was developed that uses a single
membrane molecule as a probe. This microscope measures the interaction force between the membrane-molecule
probe with the membrane skeleton mesh in live cells, and, by mapping the force, images of the membrane skeleton
that interact with the membrane molecule were obtained (Ritchie et al., in preparation). A theoretical framework
was developed to understand/predict the behavior of single membrane molecules being dragged by the optical
trap (Ritchie et al. in preparation).
Detection of transient interactions of two species of molecules in living cells
Two species of molecules were laballed in different colors, and a method to detect their colocalization at the
level of single molecules was developed for the first time (Koyama et al., 2005).
Single-molecules FRET imaging of H-Ras activation in living cells
The activation of H-Ras, a GTP-binding protein involved in the signaling pathways for cell proliferation and re-
organization of the cytoskeleton, was visualized at the level of individual molecules using a technique called single-
molecule fluorescence resonance energy transfer (single-molecule FRET ; Murakoshi et al., 2004 ; Kusumi and Mu-
rakoshi, 2005). Activation of H-Ras takes place only temporarily (<2 s), and is accompanied by transient immobiliza-
tion, which is likely due to the transient formation of an activated-Ras signaling complex with scaffolding proteins.
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そのため，これに替わる材料として PS や PC が射出成型用義歯床として使用されるようになって来た．ところ
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1. Simulation of Biomechanical Adaptation Process of the Living Tissues.
Numerical simulations are carried out especially on the modeling and remodeling phenomena of the bones as
the biomechanical adaptation. With constraint functions such as stress distribution or strain energy density distri-
bution, it is indicated that the form of the bone has been modeled, and the design of artificial dental roots which dy-
namically harmonizes with the living tissue under this constraint has being tried. (Supported by New Energy and
Industrial Technology Development Organization)
2. Regeneration of the periodontal Membrane around Dental Implant Roots.
The present artificial dental root is fixed directly in the alveolar bone without having periodontal ligament like
natural tooth root, the stresses are directly transmitted without any damping effect. The excessive stresses in the
alveolar bone may arise and cause the bone resorption by which the loosening of the implants occurs. Therefore,
we have been attempting that the dental implant made of titanium is covered with a polymer, and the collagen
which is the cell adhesive protein is fixed by some surface treatments, and in addition, the periodontal ligament
cell is cultivated on the surface for regeneration of the periodontal membrane. (Supported by Ministry of Culture,
Science and Education)
3. MR Elastography Measurement, Analysis and Verification.
Magnetic resonance elastic modulus measurement method (MRE) of the elastic modulus is a new measuring
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technique based on the MRI, and it establishes the technique of the noninvasive elastic modulus measurement of
the living tissue and organ in vivo. Database construction for the medical research support, and virtual reality (VR)
system using the haptic device are investigated. (Joint Research with Information Division, Kyoto University)
4. New Artificial Articular Cartilage and Intervertebral Disk.
Development of the artificial cartilage and intervertebral disk is necessary in order to recover support and mo-
bility simultaneously in joints and spine which received the damage. We examined the possibility of the application
of polyvinyl alcohol hydrogel which can control the mechanical strength by the change of water content and is ex-
cellent in the biocompatibility. It replaces only lesion part and leaves the sound subchondral bone. The high
strength and high elastic modulus of the polyvinyl alcohol hydrogel newly developed in this department is promis-
ing as artificial articular cartilage and intervertebral disk material. (Supported by Japan Ministry of Health, Labour
and Welfare)
5. Polyethylene for Artificial Joints with High Wear Resistance.
The wear particles of polyethylene are produced by the friction between the metal and UHMWPE when artifi-
cial joint used for the long term. It is known that the osteolysis occurs by foreign body granulation tissue which the
wear particle induces. The development of new UHMWPE for artificial joint which controlled super structure by
the crystallization under molecular orientation is being tried in order to improve abrasion resistance of UHMWPE.
6. Proliferation Control of Mammalian Cells and Tissue Preservation for Long Term.
EGCG, a green tea polyphenol, not only improves preservation of non-frozen tissues such as cornea, nerves,
and pancreatic but solves some potential problems pertaining to transplantation and cardiovascular medicine.
EGCG with its immuno-suppressive and anti-proliferative effects prevents graft rejections in various tissues and
neo-intimal hyperplasia in vein grafts, respectively. Therefore, the use of EGCG for preserving the living tissues
and controlling their cellular responses will provide us a starting point to advance the future of regenerative medi-
cine. (Supported by Japan science and technology)
7. The gentle denture base in human body
Today, we are researching and developing novel thermoelastic denture base composed of polymethyl-
metahcrylate (PMMA) as a main component for injection molding. Denture base is generally employed polycarbon-
ate (PC) as thermoelastic resin. However, PC is eluted in one’s mouth, bis-phenol A of an environmental pollution,
and furthermore, poor adhered to PMMA resin of repair adhesive. Heat- polymerized type PMMA mainly em-
ployed as denture base, is eluted in one’s mouth a lot of monomer and oligomer, which come from residue product
of polymerization, and is anxious to cause an allergy. We are researching and developing novel thermoelastic den-




8. Biodegradable Medical Adhesives
The closing, sealing, and bonding of wounds and defects in various types of tissue still remain problem areas in
the field of medicine. To bond a soft tissue interface, numerous studies have been conducted to develop either syn-
thetic or semi synthetic tissue adhesives. Cyanoacrylate, aldehyde-based, and fibrin glue have all been developed
for clinical usage. However, some problems have led to limitations in their application, such as toxicity and virus in-
fection.
We recently developed functional medical adhesive of dextran based reactive glue, consisting of aldehyded
dextran and ε-poly (L-lysine), two kinds of medical and food additives, as starting materials. Biocompatibility assay
indicated that the functional medical adhesive showed excellent biocompatibility with in vitro and in vivo and most
of the functional medical adhesive was histologically degraded within 4 weeks. The excellent performance was ob-
served in comparison to the use of conventional fibrin glue. (Supported by New Energy and Industrial Technology
Development Organization)
9. Antifreeze Polyamino Acid with the Cryoprotective Function
Cryoprotective agents (CPAs) such as dimethyl sulfoxide (DMSO), glycerol, ethylene glycol, and propylene gly-
col have been used for the cryopreservation of cells and tissues. DMSO is the most effective CPA but shows high
cytotoxicity and can effect differentiation. ε-poly-L-lysine (PLL) derivatives show higher cryopreservation effi-
ciency than the conventional CPAs. Culture medium solutions with 7.5 w/w% of PLL whose amino groups of more
than 50 mol% were converted to carboxyl groups by succinic anhydride showed higher post-thaw survival effi-
ciency of L929 cells than those of current CPAs without the addition of any proteins. In addition, rat mesenchymal
stem cells were cryopreserved more effectively than with DMSO and fully retained the potential for proliferation
and differentiation. Furthermore, many kinds of cells could be cryopreserved with PLL having the appropriate ra-
tio of COOH groups, regardless of the cell types, including adhesive and floating cells, human and mouse derived
cells, primary cells and established cell lines. The properties might be associated with the antifreeze protein prop-
erties. These results indicate that these polymeric extracellular CPAs may replace current CPAs and the high vi-
ability after thawing and non-necessity of serum ensure that these CPAs may be used in various preservation
fields. (Supported by the Ministry of Education, Science, Sports and Culture of Japan)
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Restoration and maintenance of oral function (ingestion, mastication, swallowing and phonation) are essential
for ADL (activity of daily living) and QOL (quality of life) especially in the elderly. The goal of our study is to estab-
lish the fabrication systems of precision dental prostheses, which have excellent biological-, mechanical- and
morphological-compatibility.
On the other side, there is a big social problem in the manufacturing industry of the dental prostheses in Japan.
The society tends to be composed by elderly dental technicians, and many young people in this field quit work be-
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In functional tissue adaptation, regeneration and stem cell differentiation in morphogenesis, the mechanism by
which local mechanical signals are sensed by cells and tissues remodel/regenerate their structure to meet their
functional demands remains unclear because of the complex hierarchical system in spatiotemporal scales. To bet-
ter understand the mechanoregulation of tissue adaptation by remodeling, morphogenesis, and regeneration, bridg-
ing spatial and temporal scales from microscopic molecular and cellular activities to macroscopic tissue behaviors is
very important. Based on multiscale system biomechanics, our department is involved in integrated biomechanics/
mechanobiology researches of modeling and simulation combined with experiments, focusing on mechano-
biochemical couplings in the dynamics of structure-function relationships in tissues and cells.
(1) Biomechanics of multi-cellular tissue morphogenesis
Morphogenesis of tissues in organ development is accompanied by large three-dimensional (3D) deformations,
in which mechanical interactions among multiple cells are spatiotemporally regulated. To reveal the deformation
mechanisms, we developed the reversible network reconnection (RNR) model. The model was developed on the ba-
sis of 3D vertex model, which expresses a multicellular aggregate as a network composed of vertices. The conven-
tional 3D vertex models have successfully simulated morphogenetic dynamics by expressing cellular rearrange-
(a) Simulation of multi−cellular tissue morphogenesis by the RNR model
(b) Analysis of extension−torsion coupling of actin filament by MD simulation.
図：多細胞組織の形態形成シミュレーションとアクチンフィラメントの引張－ねじり連成解析
Fig : Multiscale biomechanics studies of multi-cellular tissue morphogenesis and actin filament dynamics :
Modeling and simulation from molecular level to functional cellular and tissue level.
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ments as network reconnections. However, the network reconnections in the 3D vertex models can cause geomet-
rical irreversibility, energetic inconsistency, and topological irreversibility, therefore inducing unphysical results
and failures in simulating large deformations. To resolve these problems, we introduced a new definition of the
shapes of polygonal faces between cellular polyhedrons and improved conditions for network reconnections and for
the shapes of cell-cell boundaries. Mathematical and computational analyses demonstrated that geometrical irre-
versibility, energetic inconsistency, and topological irreversibility were resolved by suppressing the geometrical
gaps in the network and avoiding the generation of irreversible network patterns in reconnections. We success-
fully demonstrated tissue deformation of growing cell sheets and showed that our model can simulate large tissue
deformations, in which large changes occur in the local curvatures and layer formations of tissues.
(2) Biomechanics of extension-torsion coupling of actin filaments
Actin filaments have a double-helix structure consisting of globular actin molecules. In many mechanical cellu-
lar activities, such as cell movement, division, and shape control, modulation of the extensional and torsional dynam-
ics of the filament has been linked to regulatory actin-binding protein functions. Therefore, it is important to quanti-
tatively evaluate extension-torsion coupling of filament to better understand the actin filament dynamics. In the
present study, the extension-torsion coupling was investigated using molecular dynamics simulations. We con-
structed a model for the actin filament consisting of 14 actin subunits in an ionic solvent as a minimal functional
unit, and analyzed longitudinal and twisting Brownian motions of the filament. We then derived the expected value
of energy associated with extension and torsion at equilibrium, and evaluated the extension-torsion stiffness of the
filament from the thermal fluctuations obtained from the MD simulations. The results demonstrated that as the
analyzed sampling-window duration was increased, the extension-torsion coupling stiffness evaluated on a nanosec-
ond scale tended to converge to a certain value. The results obtained from this study will contribute to the under-
standing of biomechanical events, under mechanical tension and torque, involving extension-torsion coupling of fila-
ments.
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Hiromi Miyoshi, Taiji Adachi, Jungmyoung Ju, Sang Min Lee, Dong Jin Cho, Jong Soo Ko, Go Uchida, Yutaka Yama-
gata : Directional Decisions of Migrating Cells on Micro-topographical Surfaces. CDB Symposium 2012 :
Quantitative Developmental Biology, RIKEN Center for Developmental Biology（2012.3.26－28．Kobe）
鈴木健介，須長純子，安達泰治：ガラス基質上の N－カドヘリン濃度が単離神経細胞の運動に与える影響．第 51
回日本生体医工学会大会（2012.5.10－12．福岡）
Hiromi Miyoshi, Taiji Adachi, Jungmyoung Ju, Sang Min Lee, Dong Jin Cho, Jong Soo Ko, Yutaka Yamagata : Con-
tributions of Actin Cytoskeleton and Cell-substrate Adhesion in Control of Cell Motile Behavior in Micro-
topographical Environments. Joint Meeting of JSDB 45th & JSCB 64th（2012.5.28－31．Kobe）
田原大輔，名倉 健，辻上哲也，安達泰治：骨リモデリング・マルチスケールシミュレーションからの骨質評価へ
のアプローチ．第 17 回計算工学講演会（2012.5.29－31．京都）






Yoshitaka Kameo, Taiji Adachi : Poroelastic Analysis of Interstitial Fluid Flow in Trabecula under Cyclic Loading.
18th Congress of the European Society of Biomechanics（ESB2012）（2012.7.1－4 Lisbon, Portugal）
Taiji Adachi, Kennedy O. Okeyo : Upregulation of Actomyosin Contractility Enhances Mechanical Integrity of Ac-
tin Cytoskeleton in Lamellipodia. 18th Congress of the European Society of Biomechanics（ESB2012）（2012.7.1
－4．Lisbon, Portugal）
Daisuke Tawara, Ken Nagura, Taiji Adachi : Remodeling Simulation Estimates Changes in Mechanical Properties
of Osteoporotic Bone. 18th Congress of the European Society of Biomechanics（ESB2012）（2012.7.1－4．Lisbon,
Portugal）
Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Yoshiki Sasai, Taiji Adachi : Mathematical Model for Large De-




Taiji Adachi, Masakazu Hasegawa, Teruko Takano-Yamamoto : Application of a Level-set Method for Simulation
of Orthodontic Tooth Movement Using CT Image-based Voxel FE Models. 10th World Congress on Compu-
tational Mechanics（WCCM2012）（2012.7.8－13．Sao Paulo, Brazil）
Yasuhiro Inoue and Taiji Adachi : Rearrangement Dynamics of Contractile Actomyosin Network. 10th World Con-
gress on Computational Mechanics（WCCM2012）（2012.7.8－13．Sao Paulo, Brazil）
近藤由章，松下慎二，井上康博，安達泰治：分子動力学法を用いたアクチンフィラメント内サブユニットの力学的
挙動の検討．日本機械学会 2012 年度年次大会（2012.9.10－12．金沢）
鈴木健介，須長純子，安達泰治：神経細胞の運動解析のための in vitro 実験系構築．日本機械学会 2012 年度年次
大会（2012.9.10－12．金沢）







Tetsuya Fujii, Yasuhiro Inoue, Taiji Adachi : Molecular Dynamics Model of Cofilactin Filament．日本生物物理学
会第 50 回年会（2012.9.22－24．名古屋）
Koichiro Maki, Sung-Woong Han, Taiji Adachi : Analysis of the Mechanical Behavior of b-catenin Using AFM．日
本生物物理学会第 50 回年会（2012.9.22－24．名古屋）
Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Yoshiki Sasai, Taiji Adachi : Simulations of Large Deformation






牧 功一郎，韓 成雄，安達泰治：β－カテニンの AFM 単分子力学測定．日本機械学会第 23 回バイオフロンティ
ア講演会（2012.10.5－6 弘前）
Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Yoshiki Sasai, and Taiji Adachi : Large Deformation of Multicel-
lular Tissue during Morphogenesis Using Reversible Network Reconnection Model. Exciting Biologies :
Forces in Biology（2012.10.4－6．Dublin, Ireland）
Hiromi Miyoshi, Jungmyoung Ju, Sang Min Lee, Jong Soo Ko, Taiji Adachi, Yutaka Yamagata : Image-based
Analysis of Spatial Organization of the Cellular Actin Cytoskeleton in Micro-topographical Environments.
Exciting Biologies : Forces in Biology（2012.10.4－6．Dublin, Ireland）
Tetsuya Fujii, Yasuhiro Inoue, Taiji Adachi : Energy Analysis of a Cofilin-decoratedactin Filament Using Molecu-
lar Dynamics Simulations. Conference on Computatinal Physics（CCP2012）（2012.10.14－18．Kobe）
森田恭平，韓 成雄，安達泰治：AFM を用いたアクチンフィラメントの分子ナノ力学測定法．日本機械学会第 4








Sung-Woong Han, Ko-ichiro Maki, Taiji Adachi : Evaluation for Mechanical Behavior of Nanospring Protein in Ad-
herence Junction Using AFM. The 12th International Discussion & Conference on Nano Interface Controlled
Electronic Devices（IDC-NICE 2012）（2012.10.24－27．Gyeongju, Korea）
田原大輔，名倉 健，辻上哲也，安達泰治：骨粗鬆症の骨梁形態変化の予測と荷重支持機能の変化のシミュレーショ
ン．第 39 回日本臨床バイオメカニクス学会（2012.11.9－10．千葉）
Yoshitaka Kameo, Taiji Adachi : Modeling Trabecular Bone Adaptation Regulated by Mechanosensing Osteocytes.
3rd Asian Conference on Mechanics of Functional Materials and Structures（ACMFMS2012）（2012.12.5－8．
New Delhi, India）
2）講演・シンポジウム




Taiji Adachi : Characteristics of Nitric Oxide Production in Mechanically Stimulated Osteocytes. International
Symposium on Cellular Mechanobiology（2012.3.16．Kyoto）（Symposium）
Taiji Adachi, Shinji Matsushita, Yoshihiro Inoue : Mechanical Behavior of Actin Filaments under Tension : A Mo-
lecular Dynamics Simulation Study. 10th International Symposium on Biomechanics and Biomedical Engi-
neering（2012.4.11－14．Berlin, Germany）（Plenary Talk）
Taiji Adachi : Mechanical Regulation of Actin Network Dynamics in Migrating Cells（From Cells to Molecules）．
Young Scientists’ Colloquium, iCeMS Kyoto University（2012.4.27．Kyoto）（Seminar）
Taiji Adachi : Multiscale Biomechanics of Bone Functional Adaptation by Remodeling. Lecture at the Egypt-Japan
University of Science and Technology.（2012.5.14．Alexandria, Egypt）（Lecture）
Taiji Adachi : Computer Simulation of Bone Remodeling and Regeneration for Porous Scaffold Design. Symposium
on Frontier in Tissue Engineering, Scaffold, Drug Delivery Systems（2012.5.16．Alexandria, Egypt）（Invited
Lecture）









Taiji Adachi, Masaaki Murata, Junko Sunaga, Masaaki Sato : Nitric Oxide Production Induced by Local Mechanical
Stimulus in Isolated Osteocytes. Symposium on Cell Mechanics and Cytoskeleton. 14th International Con-






Yasuhiro Inoue, Shinji Matsushita, Taiji Adachi : Molecular Dynamics Simulation of an Actin Filament. KSME-






Institute for Frontier Medical Sciences
附属ナノ再生医工学研究センター－１５３－
技 術 部
Division of Technical Support
【研究支援概要】





・特殊染色（Azan stain, Alcian blue stain, Berlin blue stain, Dahl’s method, Elastica-Van Gieson stain, Giemsa
stain, Kluver-Barrera stain, Masson’s tricrome stain, Maxwell’s stain, Nissl’s stain, PTAH, Tolu-
idine blue stain, Safranin O-Fast green stain, Villanueva bone stain, von Kossa’s method, Silver
stain）
・免疫染色（αSMA, Desmin, vWF VIII, Vimenntin, CD4, CD45R, MHC, CD68, CD31, Collagen type-I, Type-II,







開催日：2012 年 12 月 19 日（水）
場 所：芝蘭会館 稲盛ホール









「両反応性高分子の創製と再生医療への展開」 岩田 博夫（京都大学再生医科学研究所 教授）
「細胞の力学的適応のバイオメカニクス」 佐藤 正明（東北大学大学院医工学研究科 教授）
「自律神経系の発生・病理から明らかになる細胞のダイナミックな振る舞い」
榎本 秀樹 （理化学研究所 発生・再生科学総合研究センター
神経分化・再生研究室 特別主管研究員）
閉会の挨拶 副所長 開 祐司（京都大学再生医科学研究所）











Spontaneous development of autoimmune arthritis and colitis in ZAC mice 田中 淳（生体機能調節学分野）
ポスター 5
Transplantation of Co-aggregates Formed from Cells of Dissociated Islets and Sertoli cells to Treat Type 1 Diabetes in
Mouse Model ○Naohiro TAKEMOTO, Xibao LIU, Kento TAKII, and Hiroo IWATA（組織修復材料学分野）
ポスター 6
胚性幹細胞からインスリン産生細胞を誘導する方法の検討
－無血清培地下での Activin A と Retinoic acid の投与法の工夫－ 白水 泰昌（器官形成応用分野）
ポスター 7
Artificial Trachea and in situ Tissue Engineering 中村 達雄（臓器再建応用分野）
ポスター 8
MANUFACTURING AND BANKING OF CLINICAL-GRADE HUMAN EMBRYONIC STEM CELL LINES IN A GMP FA-
CILITY 高田 圭（胚性幹細胞研究分野）
ポスター 9
Recombinant E8 fragments of human laminin isoforms support the efficient adhesion and expansion of dissociated human
pluripotent stem cells under defined and xeno-free condition 宮崎 隆道（胚性幹細胞研究分野）
ポスター 10










開催日：2012 年 12 月 19 日（水）
場 所：芝蘭会館 稲盛ホール
開会の挨拶 所長 岩田 博夫（京都大学再生医科学研究所）
セッション 1 座長：平向 洋介（再生増殖制御学分野）
1 分子イメージングによる接着班の構造と動態の解析 柴田 明裕（ナノバイオプロセス研究領域）
Computational biomechanics in complicated deformation during dynamic tissue morphogenesis
奥田 覚（バイオメカニクス研究領域）
Promotion of bone repairing by use of novel collagen scaffolds in rabbit skull defect model
若槻 麻里子（臓器再建応用分野）
The role of N16 in maintenance of DNA stability and recombination in mice 望月 綾子（発生分化研究分野）
セッション 2 座長：望月 綾子（発生分化研究分野）
ウサギ外傷性膝変形性膝関節症モデルに対する EP2 アゴニスト膝関節注射剤の有用性 福田 誠（組織再生応用分野）
ADAM19 is required for proper differentiation of the Cardiac Neural Crest 荒井 宏行（再生増殖制御学分野）
血管内皮細胞分化での RSK の役割 松永 太一（幹細胞分化制御研究分野）
自然免疫因子リポカリン 2 は細胞膜リン脂質フォスファチジルエタノールアミンに結合し、雌生殖路内で精子成熟を促進する
渡邊 仁美（附属再生実験動物施設）
セッション 3 座長：福田 誠（組織再生応用分野）
The function and Expression Regulation of Nanog in Mouse Epiblast Sun Liang Tso（幹細胞加工研究分野）
多血小板血漿徐放化ゼラチンハイドロゲルを用いた骨再生誘導 松井 誠（生体材料学分野）




ヒト iPS 細胞由来ドーパミン神経のアガロースマイクロカプセル化 小長谷 周平（組織修復材料学分野）
ポスター 2
生体吸収性ハイドロゲル足場を活用した 3 次元細胞集合体の構築 田島 脩平（生体材料学分野）
ポスター 3
Promotion of bone repairing by use of novel collagen scaffolds in rabbit skull defect model
若槻 麻里子（臓器再建応用分野）
ポスター 4
The role of IKKβ in endochondral ossification 小林 恭介（組織再生応用分野）
ポスター 5




血管内皮細胞分化での RSK の役割 松永 太一（幹細胞分化制御研究分野）
ポスター 8
1 分子イメージングによる接着斑の構造と動態の解析 柴田 明裕（ナノバイオプロセス研究領域）
ポスター 9
Computational biomechanics in complicated deformation during dynamic tissue morphogenesis
奥田 覚（バイオメカニクス研究領域）
Institute for Frontier Medical Sciences
４．学術集会－１５７－
京都大学再生医科学研究所平成 23年度共同研究会






「機能的神経ネットワーク構築のための生物学および工学」 鳥光 慶一 主席研究員（NTT 物性科学基礎研究所）
「細胞移植治療を目指したペプチドによる細胞凝集塊の誘導」 平野 義明 教授（関西大学化学生命工学部）
「自己活性化型 Cys-Pro エステルユニットを利用した細胞表面タンパク質の標識法の開発と軟骨前駆細胞の同定への応用」
川上 徹 准教授（大阪大学蛋白質研究所）
「矯正的歯の移動モデルを用いた歯根膜幹細胞ニッチの解析」 山本 照子 教授（東北大学大学院歯学研究科）








開催日：2012 年 7月 14 日（土）
場 所：京都大学百周年時計台記念館 1階百周年記念ホール
開会挨拶
「ES 細胞医療の実現にむけて」 再生医科学研究所 末盛 博文 准教授




開催日 講演者・所属 演 題 セミナー名 主催分野




































2012. 4.16 松田 武久
（金沢工科大学ゲノム生物工
学研究所）
In situ capture of endothelial progeni-
tor cells : Surface architecture cellular
responses and tissue formation
組織修復セミナー 組織修復材料学分野









































（National Institute for Medi-
cal Research, London）
Sonic Hedgehog and its transcrip-








Fabrication of Biodegradable Mi-
crovessel Scaffolds
組織修復セミナー 組織修復材料学分野





































開 催 日：2012 年 3 月 7 日（水）
開催場所：京都市国際交流会館メインホール
The 3rd Japan-Taiwan Symposium on Nanomedicine
開 催 日：2012 年 3 月 8 日（木）～3 月 9 日（金）
開催場所：Main hall, Kyoto International Community House
第 15 回日本異種移植研究会
開 催 日：2012 年 12 月 8 日（土）
開催場所：京都大学南部総合研究 1 号館・再生研西館 共同セミナー室
（バイオメカニクス研究領域）
International Symposium on Cellular Mechanobiology
開 催 日：2012 年 3 月 16 日（金）
開催場所：Kyoto University Clock Tower Centennial Hall
（再生免疫学分野）
Kyoto T Cell Conference 第 22 回学術集会




































1 : Chaves I, Nijman RM, Biernat MA, Bajek MI, de Silva AC, Saito S, Yagita K, Eker AP, van der Horst GT, The prtorous
CPD photolyase rescues a cryptochrome-deficient mammalian circadian clock. PLoS One , 6, e23447, 2011
＜学会発表＞
1：八木田和弘，細胞分化と概日時計の発生，第 64 回日本自律神経学会，秋田，2011
2：八木田和弘，Circadian clock and cellular differentiation : Development, regeneration and cancer.，第 34 回日本分子生物
学会年会ワークショップ，横浜，2011








標識導入した副甲状腺ホルモン（PTH）リガンドを化学合成した．次いで in situ 標識転移反応により PTH 受容体を特異的に標識
することを試みた．
Institute for Frontier Medical Sciences
５．共同研究－１６１－
本研究期間においては，まず，CPE 構造を標識転移反応に適するようにデザインした．また，最近報告された PTH 部分ペプ
チドと PTH 受容体部分ペプチドの共結晶の構造（図 2）から受容体の Lys34 の近傍にリガンドの Glu19 が位置することが判明し
たので，この位置に自己活性化型構造を導入した蛍光標識 PTH ペプチド（N 末端部分ペプチド）を化学合成した（図 3）．Flag タ
グを含む PTH 受容体蛋白質を表面に過剰発現させた COS7 細胞に対して本ペプチドを反応させたところ，細胞膜上が蛍光標識
され，それは Flag 抗体で可視化した PTH 受容体の局在と一致した．このことから本ペプチドを用いて細胞表面の PTH 受容体
を選択的に蛍光標識できることがわかった．今後，標識実験に用いた細胞から PTH 受容体蛋白質を抽出し，共有結合により蛍
光標識できているかどうか確認する予定である．
図 2．PTH受容体N末端領域とPTH部分ペプチドの共結晶構造：A. A. Pioszak,































目的のペプチドは鎖長を限定し（Lys-Pro）n（n＝10，12，14，16），担体に TrtA-PEG-Resin を用い，縮合剤に DMT-MM を用
いた Fmoc 固相法で合成した．ペプチド鎖伸長後，N 末端を脱保護し，95%TFA 水溶液で脱樹脂・脱保護反応を行った．また，




加（0 日目とする）することで 7 日間細胞の様子を観察した．
マウス線維芽細胞（L929），KP20，KP24，KP28 を用いて細胞凝集塊を誘導したところ，KP20，KP24 のみ細胞凝集塊を確認
できた．また，L929 を用いた際，細胞凝集塊を誘導する条件として細胞数 2.5×104 cells/well（96well plate），細胞接着時間 6 時
間，ペプチド鎖長 KP20（1.0 mg/mL）が最も良い条件であることがわかった．
L929 を用いたペプチドの細胞毒性試験結果より KP28，KP32 は，細胞毒性があることが認められた．しかし，濃度を小さく




凝集塊の形成が認められた．しかし，L929 とは異なり培養 7 日目では死細胞が多く見られたことから細胞種によって細胞の初
期播種濃度や細胞凝集塊形成までの培養期間が違うことが分かった．
また，HepG2 のペプチド添加までの細胞接着は，6 時間よりも 24 時間の方が細胞凝集塊の形状が球状に近かったことから，
細胞接着時間が長いほど細胞凝集塊を形成することがわかった．HepG2 を用いて，アルブミン産出量を定量したところ，ペプ
チドを添加し細胞凝集塊を作成した方が，通常の培養よりも約 3 倍から 5 倍多くなった．このことは，形成した細胞凝集塊が充
分機能していることを示唆する結果である．以上より，ペプチドを用いて細胞凝集塊を誘導しても，機能は損なわれないことが
考察できる．















第 33 回日本バイオマテリアル学会大会予稿集，pp. 394（2011/11/22）．
学会発表予定
1）Yoshiaki Hirano, Tomoki Ito, Mitsuaki Toda and Yasuhiko Tabata “Functional evaluation of periodic peptide that induces






5）Yoshiaki Hirano, Megumi Tanaka, Yasuhiko Tabata, Functional Evaluation of Peptide that Induces Formation of Cell Sphe-
roid, 6th International Congress of Asian Society of Toxicology（2012/07/18－20）.
投稿予定
1）Yoshiaki Hirano, Tomoki Ito, and Tasuhiko Tabata, Detection of Spheroid Induce Periodic Peptide, to be submitted.
【機能的神経ネットワーク構築のための生物学および工学】












Sumitomo K, McAllister A, Tamba Y, Kashimura Y, Tanaka A, Shinozaki Y, Torimitsu K. Ca2＋ ion transport through channels






の in situ ハイブリダイゼーションによって発見したことを大きな根拠として提案し，CXCL12 を含むケモカインが精子形成幹
細胞・ニッチシステムにおける機能を解明することを目的として研究を遂行している．







R. Sugimoto, Y-i. Nabeshima and ＊S. Yoshida. Retinoic acid metabolism links the periodical differentiation of germ cells with the
cycle of Sertoli cells in mouse seminiferous epithelium. Mechanisms of Development 128（11－12）: 610－624（2012）
A. Gely-Pernot, M. Raverdeau, C. Célébi, C. Dennefeld, B. Feret, M. Klopfenstein, S. Yoshida, N. B. Ghyselinck, and ＊M. Mark.
Spermatogonia differentiation requires retinoic acid receptor gamma. Endocrinology 153（1）: 438－449（2011）
T. Sato, Y. Aiyama, M. Ishii-Inagaki, K. Hara, N. Tsunekawa, K. Harikae, M. Uemura-Kamata, M. Shinomura, X. B. Zhu, S. Maeda,
S. Kuwahara-Otani, A. Kudo, H. Kawakami, M. Kanai-Azuma, M. Fujiwara, Y. Miyamae, S. Yoshida, M. Seki, M.
Kurohmaru and ＊Y. Kanai. Cyclical and patch-like GDNF distribution along the basal surface of sertoli cells in mouse and
hamster testes. PLoS ONE 6（12）: e28367（2011）
Koyanagi S, Hamasaki H, Sakiguchi S, Hara K, Ishii Y, Kyuwa S and Yoshikawa Y. Effects of ubiquitin C-terminal hydrolase-L1
deficiency on mouse ova. Reproduction（2012）, in press
総説／図書
＊S. Yoshida : Stem cell niche system in mouse spermatogenesis. In Stem Cell Biology and Regenerative Medicine Series, “Male
Germline Stem Cells : Developmental and Regenerative Potential” Humana Press, 159－175（2011）
A. Spradling, ＊M. T. Fuller, R. E. Braun, and S. Yoshida : Germline Stem Cells. In A Cold Spring Harbor Perspectives in Biology
Collection, “Germ Cells” Cold Spring Harbor Laboratory Press, 1－20（2011）
招待講演
S. Yoshida : Sperm Stem Cells in the Mouse, Keystone Symposia on Molecular and Cellular Biology, “The Life of a Stem Cell :
From Birth to Death” March 11－16, 2012, Olympic Valley, CA, USA
S. Yoshida : Sperm Stem Cell Behaviors In Mouse Testis. The World Congress on Reproductive Biology, October 9－11, 2011,
Cairns, Australia
S. Yoshida : Sperm Stem Cell Competition and the Niche. Gordon Research Conference, “Mammalian Gametogenesis and Embryo-
genesis”, August 21－26, 2011, Waterville Valley, NH, USA
S. Yoshida : Sperm Stem Cells in the Mouse Testis. International Society for Stem Cell Research（ISSCR）9th Annual Meeting, June
15－18, 2011, Toronto, Canada
S. Yoshida : Function and Regulation of the Spermatogenic Stem Cells. The 8th Conference of the Pacific Rim Society for Fertility
and Sterility（PRSFS）May 27－29, 2011, Hong Kong, China
S. Yoshida : Stem Cell System in Mammalian Spermatogenesis. The 2011 Biomodulation Symposium on ‘Biotechnology for Future







齢マウスを用いて，NiTi ワイヤーにより作成した装置を上顎切歯に装着し，初期荷重 10g にて第一臼歯の舌側方向への移動を
行なうもので，歯根膜，歯槽骨の改造現象を分子・組織形態学的に解析することが出来る．同時に，本年は以下のように，
Scleraxis（Scx）発現領域で GFP が検出されるレポーターマウスである ScxEGFP Tg を用いて生理的な歯周組織での解析を行った．
すなわち，ScxEGFP Tg を用いて，2，4，6，8，及び 12 週齢の歯周組織における Scx と Osteopontin，MMP13 の局在を蛍光免
疫染色によって解析した．また，近接切片を用いて，TRAP 染色による破骨細胞の局在解析とトルイジンブルー染色及び HE
染色による組織染色を行った．更に，Sox9Cre の knock-in マウスとレポーターマウスである Ai14 マウスを交配して Sox9Cre ;
Ai14 を作成し，歯と歯周組織における Sox9 陽性細胞の系譜を解析した．非脱灰凍結切片は，粘着フィルムを用いた川本法によっ
て作製した．石灰化組織中の蛋白質の抗原部位は，切片を 0.25 M EDTA/PBS に浸漬し，1 時間の脱灰処理を行って露出させた．
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蛍光免疫染色による解析の結果，ScxGFP Tg の臼歯とその周辺組織では，歯の萌出前である 2 週齢において，歯根膜線維芽
細胞の一部で GFP の発現が検出された．一方，Sox9Cre ; Ai14 では，2 週齢において，歯根膜線維芽細胞，骨芽細胞，象牙芽細
胞，エナメル芽細胞，及び歯髄細胞で蛍光蛋白が検出されたことから，Sox9 発現細胞は，歯や歯周組織を構成するほぼ全ての
細胞に分化していることが明らかとなった．ScxGFP Tg では，歯の萌出に伴って GFP の発現が上昇し，4，6，8，及び 12 週齢
では，大部分の歯根膜線維芽細胞及び象牙芽細胞において，明瞭な GFP の発現が検出された．象牙芽細胞における GFP の発現
は，歯冠部では低く，歯根部では高い傾向が認められた．4 週齢の ICR マウスで in situ hybridization によって Scx の発現を解
析した場合も，同様の結果が得られた．セメント細胞及び歯槽骨中の骨細胞においては，低いレベルの GFP の発現が検出され
た．一方，骨芽細胞や Tnmd を発現するセメント芽細胞では，GFP の発現はほとんど検出されなかった．MMP13 の局在及び
TRAP 陽性の破骨細胞は，共に，各歯根の遠心側の歯槽骨表面に多い傾向が認められ，生理的な歯の移動や挺出による歯根膜
の変化が反映されていると考えられた．第一臼歯の近心側歯根では，近心側の歯槽骨表面に MMP13 の局在及び TRAP 陽性の
破骨細胞が多かった．ScxGFP Tg の歯根膜では，今回解析した全ての週齢の臼歯において，根尖部付近における GFP の発現レ
ベルが低い傾向が認められた．第一臼歯の最も近心の歯根の歯根膜では，4，6，及び 8 週齢において，GFP の発現が低い傾向
が認められたが，12 週齢になると，比較的高いレベルで GFP が発現していた．この部位は，臼歯の最も近心側であるため，生




次に Nickel Titanium（NiTi）ワイヤーを用いた矯正学的な歯の移動実験と elastic ゴムを用いた Waldo 法における，歯周組織
での Scx 局在を蛍光免疫染色によって解析した．ともに歯根膜の圧迫側よりも，主に牽引側で強い GFP の発現が見られた．特




骨添加の起こる牽引側で Scx の高い発現が見られた．また TGF-β系列のシグナル分子である Smad2/3 分子のリン酸化が Scx
の発現上昇に先立って認められた．従って，Scx はメカニカルストレスに応答性の遺伝子で，生理的及び矯正的な歯の移動にお
いて歯周組織のリモデリングに関与していると考えられる．
現在，In vitro において，Scx の TGF-β依存性を解析するためにラットの抜去歯より分離・培養した歯根膜細胞に TGF-β2 を
添加し，Scx の発現量を Northern blot などを用いて解析中である．また，Scx の遺伝子座に Cre-recombinase を knock-in した
ScxCre KI マウスを作製し，歯や歯周組織の発生，成長過程における Scx 陽性細胞の系譜を追跡する実験も進めている．
○研究成果の公表
1）第 30 回日本骨代謝学会学術集会（発表予定）
日 時：2012 年 7 月 19 日（木）～21 日（土）
演 題：歯根膜における Scleraxis の発現とその制御
Regulation of Scleraxis expression in the periodontal ligament
発表者：滝本 晶 他
2）第 13 回運動器科学研究会（発表予定）














Hvcn1，Endothelin-1，Connexin 43，Slc27A4，Irx-3，Atm，Desmin，Sox9，Cathepsin L，SCF，c-Kit など，これまで，セル
トリ細胞で発現が確認されているものも，含まれていた．
















川上グループで，トランスポゾン Tol2 を用いて GFP が挿入されたトランスジェニックフィッシュを確立し，その中で骨格筋
や腱で発現しているラインを川上グループと瀬原グループで解析している．骨格筋で発現する 1 ラインに関して，筋形成に関わ
ることがわかったことから，ほ乳類でも同様のメカニズムが働いているかどうかを調べるためにマウス筋衛星細胞 C2C12 にこ
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これまでに我々は軟骨，腱および筋肉の発生・分化に関与する遺伝子を同定するために，約 1,600 の転写制御因子の Whole
mount in situ hybridization（WISH）データベース“EMBRYS”を構築しているが（Yokoyama et al., 2009），EMBRYS のデータよ
り軟骨細胞で発現する遺伝子を再検索した結果，軟骨分化において発現する転写因子として Fox ファミリー遺伝子を同定した．
これら遺伝子の軟骨分化における in vivo での機能を明らかにするために，ノックアウトマウスの作製準備を現在行っている．
我々は軟骨細胞特異的な miRNA である miR-140 を同定し，軟骨分化および関節炎における機能をノックアウトマウスの解析
により明らかにしてきたが（Miyaki et al., 2009），このmiR-140の発現制御メカニズムを明らかにするために，ルシフェラーゼアッ
セイおよびトランスジェニックマウスによる解析を行った．その結果，miR-140 の発現を制御する約 700bp のエンハンサー領域
を同定した（Yamashita et al.，リバイス中）．また，軟骨細胞のマスター遺伝子である SOX9 の下流にある miRNA を同定するた
めに，軟骨細胞における SOX9 の過剰発現により発現上昇する miRNA をスクリーニングした．その結果，miR-140 と新規の
miRNA を同定した．この miRNA は，軟骨細胞で発現が高く，過剰発現により炎症性サイトカインの発現を抑えることが明ら
かになった．今後は当該 miRNA の軟骨分化における機能について調査する．
WISH データベースより腱に発現する転写因子としてホメオボックス遺伝子である Mohawk（Mkx）を同定し，ノックアウト





1. Ito, Y., Toriuchi, N., Yoshitaka, T., Ueno-Kudoh, H., Sato, T., Yokoyama, S., Nishida, K., Akimoto, T., Takahashi, M., Miyaki, S.,
et al.（2010）. The Mohawk homeobox gene is a critical regulator of tendon differentiation. Proc Natl Acad Sci USA.
2. Miyaki, S., Nakasa, T., Otsuki, S., Grogan, S.P., Higashiyama, R., Inoue, A., Kato, Y., Sato, T., Lotz, M.K., and Asahara, H.（2009）.
MicroRNA-140 is expressed in differentiated human articular chondrocytes and modulates interleukin-1 responses. Arthritis
Rheum 60 , 2723－2730.
3. Yokoyama, S., Ito, Y., Ueno-Kudoh, H., Shimizu, H., Uchibe, K., Albini, S., Mitsuoka, K., Miyaki, S., Kiso, M., Nagai, A., et al .
（2009）. A systems approach reveals that the myogenesis genome network is regulated by the transcriptional repressor RP
58. Dev Cell 17 , 836－848.














































































Institute for Frontier Medical Sciences
５．共同研究－１７１－
�．協議員・教職員・その他構成員名簿
（平成 25 年 1 月 1 日現在）
◆ 京都大学再生医科学研究所協議員（所外）◆
小 西 郁 生（京都大学大学院医学研究科教授）
長 田 重 一（京都大学大学院医学研究科教授）
吉 崎 武 尚（京都大学大学院工学研究科教授）
中 部 主 敬（京都大学大学院工学研究科教授）
上 村 匡（京都大学大学院生命科学研究科教授）
◆ 京都大学再生医科学研究所運営委員（所外）◆
大 隅 典 子（東北大学大学院医学系研究科教授）
妙 中 義 之（国立循環器病研究センター研究所副所長）
高 戸 毅（東京大学大学院医学系研究科教授）
長 田 重 一（京都大学大学院医学研究科教授）





西 田 幸 二（大阪大学大学院医学系研究科教授）
月 田 早智子（大阪大学大学院生命機能研究科教授）
黒 坂 昌 弘（神戸大学大学院医学研究科教授）
◆ 京都大学再生医科学研究所教職員等 ◆










客員教授：坂口志文 助教：伊藤能永 講師（非常勤）：坂口教子，大倉永也 事務補佐員：小長谷茉美
教務補佐員：松浦眞由美 大学院生：大崎一直
〈生体システム制御学分野〉








教授：開 祐司 准教授：宿南知佐 講師（非常勤）：近藤 淳，鄭 雄一，小守壽文，池川志郎
特定研究員（学術支援）：滝本 晶 技術補佐員：杉山弘美 大学院生：郭 龍
研究生：杉本由紀，島村仁子 特別研究学生：川津正慶 日本学術振興会特別研究員：山下 寛
〈生体材料学分野〉
教授：田畑泰彦 准教授：山本雅哉 講師（非常勤）：小川佳宏，中村雅也，金田安史




特定研究員：上杉佳子，松井 誠 共同研究研究担当者：三田恵理 民間等共同研究員：先崎尊博，小河賢史
日本学術振興会外国人特別研究員：TAN Guak Kim 特別研究学生：中島 大
日本学術振興会特別研究員：戸田裕之





大学院生：EGAWA Edgar Yuji，小長谷周平，竹本直紘，Ian Torao Hoffecker，相山 裕，板垣 亮，出野 翔，西村勇人
学部生：桑原 令，小松光栄，松井利樹 特定研究員（学術支援）：北村成史













教授：河本 宏 助教：増田喬子 大学院生：前田卓也 事務補佐員：藤井絵理香
■ 再生医学応用研究部門 ■
〈生体修復応用分野〉
教授：高橋 淳 特定拠点助教：◇森實飛鳥 特定研究員（産官学連携）：西村周泰、菊地哲広
特定研究員：土井大輔，元野 誠 研究員：山嵜絵海，福家有子 事務補佐員：五味淵淑子
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教務補佐員：窪田 慶 大学院生：吉川 綾，五百蔵義彦，小芝 泰，佐俣文平，勝川美都子 学部生：中島悠介
〈組織再生応用分野〉
教授：戸口田淳也 講師：加藤友久 特定研究員（G-COE）：金 永輝
研修員：小泉智恵 事務補佐員：安田尚代，芳野麻里絵 技術補佐員：永田早苗，上田路子

















准教授：末盛博文 連携准教授：佐藤恵子 教授（客員）：高橋恒夫 准教授（客員）：古江－楠田美保








准教授：多田 高 外国人共同研究者：Sun Liang Tso 研究員：福地恵美，平野邦生
■ 附属再生実験動物施設 ■
施設長（兼）：長澤丘司 副施設長（兼）：戸口田淳也 准教授：近藤 玄 技術職員：出口央士，渡邊仁美，荻原智幸
技能補佐員：古卿智英，石丸英典，西山尚之，柴田 豊，森本幸子，竹明フサ，向 一哲，永井智美，佐々木 勉，






教授：楠見明弘 准教授：※鈴木健一 特任講師：※藤原敬宏 助教：笠井倫志
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